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INTERNAL FRICTION THE IODINE CHLORIDE AND 


IODINE CHLORIDE SYSTEMS. 


Laboratory Coordination General and Inorganic 


Our previous research established the the amides organic 
acids form coordination compounds with compound this 
sort, for example, discovered the method thermal 
analysis, the cryoscopy this system nitrobenzene solution, and 
Eiectrolysis and have shown that benzamide and iodine 
constitute the cation the the anion being 
which may expressed this 


study the system led the same conclusion concerning 
and atructure the coordination compound, this cage the con- 
clusion regarding the existence the compound being drayn solely 
ion transfer 


Endeavors investigate this system the method thermal analysis were 
unsuccessful, was impossible most tests effect crystallization this 
system the central region the concentration range: chilling yielded hyaline 

which did not crystallize when the usual methods effect this were employed. 
the same time observed that the viscosity the system rose 
considerably (even the central region the concentration range), which may have 
been one the factors that interfered with crystallization. 


view these results our investigation the Icl and 
systems, resolved supplement them measuring the internal 
friction. 


know, viscosimetry one the most methods physico- 
hetween the components system, well the composition new 
formed within the being close analysis this point 


viz.: whereas thermal analysis indicates the formation 
new the given system, these compounds are not manifesced the iso- 
internal friction. supporting the are also known. 
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Likewise, has often been when several new 
have been formed binary system, oniy the most stabie ones, are 
shown the viscosity diagram. 


and ICl: systems, expand the investigation these 
tems ascertain the nature their chemical reactions, and also com- 


parison various methods analysis appliea these 


initial substances iodine chloride, acetamide, and 
were prepared or: purified described previous 
Th 
for 
given 


freezing points these substances were follows; for icl: 27. 
and 127.8°. values agree with the 
literature for well-ourified preparations. 


4 


test solutious were Cirectly the viscosimeter, adding 
weighea batches acetamice weighed amount ICl. 


Viscosity was measured the viscosimeter described the paper I.L. 


Fused was poured into the right- 

arm the viscosimeter the merk 
the bulb, after which the viscosimeter was 
closed with the ground-in cap fitted with 
which remained cpen the start. 
The stopcock was turned that the opening 
did not with the axis tube 
tubes, filled with anhydrous 
calcium chloride, were placed the top 
and the left stopcock and were 
connected the rubber sleeves. 


The viscosimeter was filled 
the with solution for visccsity 
measurement, using the vacuum produced 
low-pressure water-jet pump. device was 
inserted between and the pump 
enable break cff the process filling 
the viscosimeter quickly; chis line alsc had 
valve prevent water from being drawn into 
the system, and drier moisture 
that might enter the visccsimeter while 
vacuum was being set within it. 


After the left arm had been fiiled with 
solution the mark stcpcocks and 
wene closed, and cap was turned that the 
opening was line with the intericr tube 
this caused the solution flow from the 
left arm into the right. Thus the did 
net ccme with the cutside air even during this transfer, 


~ 


Fig. Viscosimeter. 


The visccsity was measured after the viscosimeter had kept thermo- 
stat for minutes the measurement temperature 0.10°. 


Water was used the stendard liquid. The viscosity was 


15°; 
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the formula: 


where do, and are the density, and discharge time, respectively, 

for water the temperature, and n,, and are the quantities 
for system under The viscosity and specific gravity were 
taken from the Landolt tableg (V, 83, 73). 


the level the liquid the viscosimeter each time, depending 
upon the size the batches and the viscosimeter was 
for the discharge rete water levels. These were 
used plot graph showing the dissharge time water versus the height the 
liquid level the bulb, mtllimeters. 


Every time the was fijled with the test solution, the height 
the liquid level the above the was measured, and tue water- 
time for the given liquid level was taken from the graph compute the 
viscosity. 


The viscosity the ICl TABLE 
Viscosity the CH,CONH2 system 


system was determined 
the temperatures 25, 35, 


and 45° for concentrations ranging 
from 100% 77.5 mol Molar Vis cosity 


tem was investigated only 50° 
the concentration range 13.38 
amide. The peculiarities the 
fusibility diagram this system 
the great difference between 
the melting points the two com- 50.06 
ponents did not allow 59.00 
measure the viscosity temper- 61.70 
atures below 40-50° order 
avoid the precipitation the 66.45 
phase within the range 70.02 
near the dystectic 
large concentration range (from 
should have had make the measurements temperatures excess which 
might have involved the thermel the iodine chloride 


The results our viscosity are given and Fig. 


eited our preceding 


The measurements the viscosity the system show 
Table and Fig. indicate that the concentration 
the visecsity the system first rises for all three temperatures 


drop. 


Thus, there maxium near 66.6 mol all three viscosity 
isotherms, which does not shift with temperature and corresponds coordination 
compound with the composition ICl. 


Fig. Viscosity the 
system. 


Mol 


Fig. Viscosity the Table 


III viscosity 45°. 


This enables class the 

raticnal system, according the 55.91 

compounds that are formed not dis- 

sociate the temperature measure- 
ment. 


Fig. that the vis- 

Several viscosity isotherms this sort have been described the 
erature’. particular, they were obtained for the sulfuric acid 
nitrobenzene the arsenic trichloride ethyl ether system®, and several 
others. gave theoretical explanation for such isotherms and called them 


Isotherms this type often interaction between the system 
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7 
60 
x 2! “ 
I 
= 
poises poises 
2.412 41.52 13.812 


components,-resulting the formation coordination compounds. 


example this is.the Thermal analysis this sys- 
tem, carried out V.A.Plotnikov and indicated the presence the 
coordination compound They then isolated this compound from hydrogen- 
sulfide solution. Recently, has investigated the viscosit the PCls 
system 25, 55, finding that the were 


obtained the same sort isotherm for the sys- 


electrochemical proved that a.coordination compound 


tem 


this 


system quite indicated the equimolar coordination 
this system. 


EVALUATION RESEARCH RESULTS 


doubt that the ccordination compound was it. 


the concentration acetamide increaced, the viscosity this sys- 
tem rather rapidly. quite possible’ that this together 
with other factors, was responsible for the difficulties referred above, encount- 
thermal analysis: 

Instances this sort, which the exhibit marked 
maximum, while the curves the system give reason expect the 
formation new compounds, have been encountered more than once the literature. 
N.S.Kurnekov explains these phenomena the conditicns existing vis- 
cous liquid are unfavorable for the the formed. such 
method physico-chemical analysis® 


The existence orly one maximum, ‘to coordination compound 
the viscosity isotherm the system and the absence 
maximum the point corresponding the equimolar compound 
not rule the lity the simultaneous existence the latter coordina- 
tion compound. 


has been stated the introduction this paper, when there are several 


compounds the liquid phase, rule, only those are exhibited the viscosity 


such compound. 


equilibrium probably displaced toward the right. 


that the coordination compound solvated with 
another molecule acetamide, really the most,complicated these coordination 
compounds, may that when this compound dis- 
solved nitrobenzene, solvated with molecule which may result 
the above-mentioned shift the equilibrium the right, thus only the 
coordination compound detected the nitrobenzene solution. 


system indicates that that coordination compound de- 
tected thermal anslysis, partjally dissociated into its constituents the 
liquid state, result which the viscosity isotherm merely shows that coord- 
ination compound formed this sy.tem without indicating the ratio 


According thé S-curves internal friction binary 
systems are produced whenever one the system components associated 
liquid, that formed being the normal 


The first these conditions applies the given sys since 
chloride is’ associated according and 


SUMMARY 


The viscosity the IC] system has been measured 25, 
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found, corresponding the formation the coordination compound 


The viscosity the system has been measured 
for concentrations ranging from mol The viscosity 
isotherm 


The viscosity diagrams these systems were compared with the re- 
sults the investigation the system other methods physico-chemical 
analysis. 
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LIQUID BINARY SYSTEMS 


now possess classificatians the composition property diagrams 
for most the methods used physico-chemical (viscosity, refract- 
ometry, surface tension, heat mixing, But, far know, there 
such classification for the volumetric method physico-chemical analysis. 


Development classification for this method considerable im- 
portance, inasmuch large emount data has been accumulated the -pecific 
gravity binary systems, both specialized researches and research 
other system properties (viscosity, dielectric constant, Moreover, the 
volumetric investigation systems easily accomplished, com- 
plicating instrumentation and cther methods physico-chemical anal- 


The point departure out classification for any method 
physico-chemical analysis finding the shape the diagram for ideal 
system. the present case, the search for this diagram shape involves dif- 
ficulties, inasmuch ideal are usually defined systems that are 
resented straignt line when its composition expressed parts 
the shrinkage any point zero. have previously that 
this case the atomic concentration likewise varies linearly. Moreover, one 
the present authors has shown that the degree chemical interaction the 
system may the differences between the experimental the 
atonic concentration and for mecnanical (an ideal sys- 
tem). Henceforth, shall denote this discrepancy follows from what 
has been saia that zero for ideal system any system composition. 


the present paper intend essay classification atomic concen- 
traticn composition the basis large quantity collected and 
worked-up data. Whenever one the system components strong electrolyte 
itself (fused salts, salt solutions, and strong acids these 
than sometimes observed these cases during the formation 
chemical compound. This effect specific only for the systems. 
the present paper shall confine outselves consideration systems 
that not include strong electrolytes. 


been done for other consider most convenient 
subdivide the systems studied volumetric method into four basic groups. 


Ideal systems. group includes the systems consisting that 
not interact chemically, with uncnanged degree dissociation. 
gravity and atomic concentration vary linearly when the system 
expressed parts and are both zero (Fig. 


Systems associated component, whith breaks down into simpler 


= 


perticles when dissolved. these systems, the atomic concentration and specific 
gravity repres ented curves that are corcave toward the composition axis, 
when the composition expressed volume. negative for every 
composition. Mixing tue components together causes expansion (Fig. 


Systems which the initial components form undissociated 
dissociated chemical compounds. Here tne curves representing the atomic concen- 
the specific gravity are convex upward when the system composition 
expressed per cent volume. Mixing the components togetner accompanied 
shrinkage. along the composition one the chemical compounds (Fig. 
lc). 


Fig. la. Fig. lb. 
Fig. ld. 
Systems which the formation chemical compound paralleled 


the one both associated components. rule, the curves 
atomic concentration and gravity are convex upward. Hence, the systems 
usually exhibit slight shrinkage. The absolute value small. The max- 
not correspond the composition the compound formed 
Fig. 


Let now turn more detailed these four types dia- 


grams. 


Ideal Systems 

Notwithstanding numerous endeavors so, the shape the ideal curve 
has not yet been established for composition property diagrams (vis- 
cosity, refractive index, etc. For volumetric functions, however, the shape 

expected linearity specific gravities and atomic concentra- 

tions when the expressed per cent volume may shown for 
great many systems. Examples this sort system 


worthy note that the viscosity for these systems have 


various shapes. the system, for instance, the viscosity iso- 
therm has minimum; tne system this curve convex toward tue 


Mixtures two associated chemical nature 
are examples this type. 


should mentioned this connection that the diagrams molecular 
weight versus composition for two alcohols are linear, has been shown 
V.V. 


has asserted that there are rigorously ideal systems and that 
nearly all substances exnibit tendency toward association interaction. 
Apparently, this assertion correct. number systems formed 
from nonreacting and, apparently, unassociated components, find regular, even 
though extremely minute, the atomic concentrations from linearity. 


The following systems are systems with slight, regulerly 


Systems with but positive, values include: 


with Associated Component, Breaks Down When Dissolved. 


The formation chemical compounds these systems (nonelectrolytes) 
accompanied contraction, i.e., increase the atomic concentration 
compared the mean values. therefore quite natural expect 
the reverse happen when the associated molecules are dissociated expansion, 
diminution the atomic concentration compared with the values computed for 
mechanical mixtures. 


fact, systems with associated component (an organic acid, alcohol, 
ketone, and the like), which dissociates into when dissolved, 
the values atomic concentration and specific gravity are always smaller than those 
for ideal systems. Here always less than zero, i.e., expansion 
manifested all points. 


etc. 


some these systems the viscosity isotherms have minimum are 
markedly concave toward the composition exis. 


our opinion that the use volumetric methods determine the existence 
dissociation associated components yields more reliable results 
than the viscosity method, inasmuch minima and convexities toward the composition 
axis may found isotherms even ideal systens, indicated above. 


Which Chemical Compounds are Formed_ 


The formation compounds accompanied considerable shrinkage, 
result which the atomic concentration and the specific gravity exceed the 
the additivity rule for any component ratio. Accordingly, 
positive all points. characteristic that this instance the maximun 
value corresponds the composition the compound formed result 
the reaction, not only systems, but many other systems with partially 


compounds, had already been noted earlier date. this 
instance the singular diagrams are fundamentally different from other that 
here the extreme values all differential volumetric functions the 
compound's composition. 


has shown that singular system the composition property curve 
consists two intersecting branches hyperbola. Accordingly, our particalar 
case atomic concentration study, arrive the conciusion singular 
systems the atomic concentration composition curves and hence the composition 
curves have the following shape. 


Where and vary the diagram, the curves are convex 


toward the composition axis. 


II. Where the changes andAA ere antithetical the tie 
curves are convex upward, away from the composition axis. 


III. Where the values and are constant, the corresponding sections 


the curves are rectilinear. 


can predict three types AA.- composition diagrams corresponding the 
‘cases discussed above, illustrated schematically Figs. and 


the first type (Fig. have been plotted for the 
systen. 


diagram closely resembling the type shown Fig. has been plotted for the 
been found yet. AA-composition diagrams like the one illustrated schematically 
Fig. have been plotted for many systems which chemical compounds are formed. 
these diagrams the maximum value corresponds the composition one the 
compounds formed the system. According our interpretation, diagrams this 
sort indicate that several are present the 


One them detected the location The region which 


the other compounds lie may found using the rules set for systems 
above. 


diagram for given Fig. Tae maximum corresponds tue com- 


were the sole compound existent the system, the diagram would 
exhibit the the dotted curve. 


The appreciable deviation from the computed values, particularly the right- 
hand portion the diagram, can due solely the presence other compounds. 


Actually, the solid state know the existence the extremely stable 
monohydrate the foregoing dihydrate, besides number 
other hydrates. 


The following are examples systems which several chemical compounds are 


Systems 


When the formation chemical compound the system accompanied the 
dissociation one the associated components, the the 
composition somewhat more complicated. 


Superposition these directly opposed processes first affects the absolute 
value AA; the foregoing systems negligibly small, rule. for the 
shape diagrams, they are rather diversified this group 

falling into the following three types, however: 


Diagrams with depressed, washed out maximum, exhibited the 


Diagrams with maximum that does not correspond compound's com- 
position, nor any other rational ratio; the are examples this type 


(Fig. 8). 

witn 
shaped curves. re- 
gions the diagram 
preakdown the associated 


component plays 

the decisive role, whereas Fig. 

other regions the forma- 


SUMMARY 


classification proposed for diagrans specific and atomic con- 
centration for the magnitude the deviation atomic concentration from the addi- 
tivity rule A), and for the volumetric (shrinkage) that take place during 
the volumetric analysis two-component liquid systems. 
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PHYSICO-CHEMICAL INVESTIGATION THE SILVER 


‘SILVER IODIDE SYSTEM THE MOLTEN ‘STATE 


Acacemician two major types diagrams homo- 
geneous systems diagrams with nonsingular elements, having peculiar singu- 
lar and diagrams with Diagrams with 
are quite the ideal state, tse property curves such diagrams are 
(additive) lines. They indicate the absence chemical interaction be- 
tween the system's components. this rule are common. devia- 
tions lie above the additive line below (negative). 


may related the appearance new kinds within the 
the chemical transformations involved may result complicating the molec- 
ular the components or, conversely, may simplify it. 


Corresponding different stages transformation, the positive curves grad- 
ually into curves with and the negative into curves with 
maxima end minima undergo continuous displacement 
the diagram. composition does not remain constant nor does obey the 
law proportions. These shifts set result change tne 
factors. 


other major type homogeneous systems comprises diagrams with 
points located the intersections the two branches. Tne presence 
such pcints due the existence the medium compounds formed 
the components. 


the present singularity problem has been solved for 
This has also been solved for metals the state and for salt sys- 
tems 


systematic investigation salt systems the molten state establish 
the ccrrespondence between the structural diagram and the diagram physico-chemical 
properties was first undertaken 1952 first the State Insti- 
tute Applied Chemistry, and then the USSR Acadewy where our own 
research was initiated. previous paper® that the doctrine 
elements confirmed for salts the molten state well. The 
cosity lie the ordinates definite compounds. found expressed min- 
imum the isotherms specific the silver nitrate thallium nitrate 
systen; the lower the corresponding melting point, the sharper this was. 
the increased, the becomes more washed-out and shifted 


toward the component with the lower value for the property 


The viscosity isotherms exhibited marked the lower the melting 
point, the sharper this maximum was. The higher the temperature, the flatter this 
becomes and the more shifts toward tie thallium nitrate side the 
diagram. 


were interested tracing the changes specific conductance, viscosity, 
and specific gravity the silver nitrate silver iodide system. The system 
chosen for our research has relatively low meiting point and characterized 
the presence compounds within it. According Scarpe, one compound has 
been proved exist this system, with component ratio 3:2. 


Investigating the fusihility this system, N.S.Dombrovskaya* found that two 
compounds were present. our research, the initial substances were recrystallized 
and then fused. The methods used investigating specific conductance, 
viscosity, and specific gravity have been described the paper already 


Fifteen different compositions were used our research the specific con- 
ductance the silver nitrate silver iodide system; compositions were used 
our investigation; and compositions were used exploring the 
specific gravity. 


The lower limit was fixed the appearance the solid phase, and the upper 
limits were follows: the beginning decomposition the nitrates, 
the specific conductance; and 225° for the viscosity and specific gravity. 


These were used plct isotherms 25° apart. 


The numerical data the specific conductance the system are given 
Table the the viscosity and specific gravity are 
Tables and respectively. 


TABLE 


Specific Conductance the Silver Iodide System 


Composition conductance 


0.995 0.804 0.691 

1.02 0.831 0.738 0.650 0.528 0.426 0.322 
1.04 0.867 0.778 0.672 0.570 0.470 0.368 
1.07 0.907 0.807 0.700 0.608 0.509 0.400 
1.10 1.02 0.935 0.655 0.755 0.635 0.424 
1.12 1.05 0.959 0.870 0.756 0.659 0.558 
1.19 1.09 0.855 0.726 0.628 0.501. 


The conductunce isotherms are shown Fig. 


the silver nitrate thallium nitrate system, the specific conductance 
curves for the silver nitrate silver iodide system function temperature 


| 


the molten are nearly streight lines, except the regions close the 
ing points these mixtures. 
specific conductance not obey the additivity law, but are gen- 


erally concave upward. 


Specs 


Figure Viscosity isotherms 
the binary system silver nit- 
rate silver the 


state. 


Fig. Fusibility diagram and 
therms specific the 
binary system silver nitrete silver 
the molten state. 


worthy note that melts con- 
taining less the second component, 
silver iodide, exhibit sharp break 
the specific conductance the instant 
conductance for the silver nitrate sil- 
ver system exhibit two fairly sharp 
minima. These correspond Fig. Specific gravity iso- 
pounds already detected the fusibility therms the binary system sil- 
The shift taese minina toward ver nitrate silver iodide 
the silver nitrate side the the molten state. 


that is, the less-conducting component, likewise 
ture increased, these two fairly minima out, indicating 
dissociation the compound formed the melt. 

TABLE 


Viscosity the Silver Nitrate Silver Iodide 


at: 


0.0621 
0.0665 
0.0809 
0.0798 
0.0861 
0.0915 
0.0967 0.1156 


The specific conductance isotherms the silver nitrate silver iodide sys- 
tem were not plotted their ends, inasmuch mixtures with high silver iodide 
concentrations crystallize these temperatures. calculated tne temperature 
coefficient from 


where and are the values specific conductance our case 400° and 250°, 
50°, and the average specific conductance 300°. should 

noted that there considerable error the values this derived property 
relatively high temperatures. Tne points are rather scattered, but nonetheless 
the composition temperature diagram clearly shows two maxima. 


The composition property diagram the silver nitrate iodide sys- 
tem which the viscosity isotheras have been plotted shown Fig. Several 
characteristic features attract our attention this diagram. Tue viscosity iso- 
therms the silver nitrate silver iodide system all exhibit maxima. see 
two such they the compounds indicated the fusibility dia- 
gram. The higher the tne more these maxima are flattened out. This 
indicates that the coordination compounds formed the molten state break down 
the raised. The maxima the viscosity isotherms are toward 
the silver nitrate side the diagran, i.e., the side toward which the minima are 
shifted the isotherms speciric conductance. 


The isotherms specific gravity are shown Fig. They exnibited 
points the ordinates compounds. Tue specific gravity isotaerns 
follow the additivity law exactly, with negligible deviation toward the 


225° 175° 150° 125° 
26.5 0.0885 0.110 0.1609 
32.5 0.0927 0.1101 0.1773 
0.105 0.1378 0.1976 
0.1179 0.1505 0.2192 
0.1199 0.1573 0.2274 
0.1172 0.1608 0.2320 
0.1289 0.1609 0.2256 


composition 


4.629 
5.015 
5.102 
5.000 5.193 


The specific viscosity, specific gravity the siiver 
nitrate silver iodide have been the molten the 


Elements singulerity have been noted the -pecific 
Guctance and tae silver nitrate silver iodide systein tie 
metals the solid state, and salt solu- 


Giagram. the tempercture rsised, these flatten out and ure shifted 
the silver nitrate, indicating growing dissociation tae compound 
the melt the temperature 


The viscosity isotherms the silver nitrate silver iodide system ex- 
hibit two which correspond the erdinetes definite compounds 
out and shift tne silver nitrate side the 


isotnerms specific gravity exhibited singular elements and re- 


LITERATURE 


Mavch 


Research Institute the Gorky Stete University 


The ions and bivalent copper form numerous coordination 
pounds with molecules and ions other The and 
stability several coordinatien compounds copper have been established 
confirmed means polarographic measurements. Stackelberg and 
for example, succeeded showing tnat bivalent copper forms several coordination 
coordinetion ammonia, their composition de- 
upon the amount ammonia solution. They confirmed the existence 
the ete. For copper they discovered 
complex ion all these complex ions the authors found the 
computed velues the constant. The same authors investigated the 
reduction copper solutions containing chlorine ions various concen- 
trations. Here, too, complex ions copper chlorine are formed, containing 
varying percentages the latter element. the chlorine ion concentration 
the solution chanzes, the percentage coordination compounds one composition 
another also changes. 


During investigation the reduction copper mercury drop 
electrode from solutions containing a-eminoacetic acid and a-aminopropionic acid 
concentrations shown that bivalent copper can form coordin- 
ation compounds the composition: 


and 


The reduction bivalent copper solutions its 
pounds has also been explored [3]. 


The cited data thus indicate that the polarograpnic method analysis 
may emploved determine the formulas complex ions molecule. varying 
compositien with one another and with the constituting 
outer the coordination compound. 


The first objects our research were the coordination compounds copper 
pyridine, whose composition and stability have not yet been measured 
graphically. 


the formation compounds the half-wave reduction poten- 
tial shifted toward negative values, inasmuch the ion concentration 
metal that governs the numericul value the potential the mercury drop elec- 
trode diminished. 


Tne potential shift depends tne instability constant the coordina- 
ticn the coordination number (p), the valence the ions the 
coordination reduced, and concentration the substance con- 
stituting the outer sphere the cocrdination compound Cy, according the 
equation: 


where and ave the half-wave potentials for formation the coordina- 
tion compound and for reduction the hydrated ions, when coordinetion 
pound formed. Use the foregoing equation presupposes that the diffusion co- 
efficients the coordination compounds and the simple hydrated ion: are iden- 
tical, end that dissociation the coordination compound not factor 
the diffusion the reducible ions the surface the electrode the elec- 
trode process. 


Differentiating (1), get: 


which takes this form for room temperature: 


EXPERIMENTAL 


Solutions copper nitrate, with concentration the order 
were prepared for this research. used solution potassium nitrate 
the indifferent electrolyte. During polarography the pyridine concentration 
was varied from 0.005 mol per liter 2.0 per liter. The copper 
were suppressed adding gelatin the solution. The polarographs were recorded 
with all eir excluded. effect this, electrolytic hydrogen was 
blown through the solution copper and potassium nitrate. the electrolyzer 
for after which the requisite quantity pyridine wag added, and 
current hydrogen was again passed through the solution. thus avoided changing 
the pyridine concentration while expelling the oxygen. maintain the tempera- 
ture the electrolyzer constant, the latter was immersed thermostat 
electrode, its potential being assumed zero. 


The polarogram was recorded with visual polarograph the range 
+0.5 1.0 volt. The mercury drop electrode had the following characteristic: 


When copper reduced neutral solution containing potussium nit- 
rate and slight emount gelatin, the polarogram exhibits single diffusion 
wave, corresponding tne conversion bivalent copper into amalgam: 


respect saturated calomel 


The introduction small amounts pyridine does not appreciably 
the form the diffusion wave for the reduction bivalent copper. Only when 
the pyridine the attains 0.015-0.02 mol per liter the wave 
the plotted for the copper solution exhibits two clearly distinct Waves 
with different half-wave potentials (Fig. 1). Apparently, the presence pyridine 
the solution facilitates the the univalent ion formed during 
the reduction the ion bivalent copper, the former ion forming fairly stable 
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coordinetion compounds with the pyridine molecules solution. 


Determining the numerical value the potentials the separate waves 
noticed that for the first diffusion wave, corresponding conversion bi- 
valent copper into univalent copper, the half-wave potential remains constant and 


TABLE 


Half-Wave Potential Copper 
Nitrate and Pyridine. Temper- 


Pyridine concen- Helf-wave 
tration, 


Fig. Polarogram copper 
0.0012 mol per liter 
the presence pyridine. 


1-Without pyridine; the 
presence 
pyridine; 
€-1.11 mol /liter; the 
abscissa: 


independent the pyridine concentration until the content the latter 
the polarographed solution reaches 1.1 mols per liter; only when this con- 
centration increased still more the half-wave potential toward 
negative values. 


contrast hereto, the half-wave the second stage copper 
reduction shifts toward the concentra- 
tion increases. 


Fig. graphically illustrates the variation the potential the indi- 
vidual waves with pyridine concentration 


The namerical values the poten- 
pyridine are given Table 


EVALUATION RESULTS 


low 1.G mol/liter, the bivalent 
copper does not form 
pounds wita the former. percent- 
age pyridine the solution continues 
rise, complex ion formed, and 
result tae potential snifts wave. wave 


Fig. Potential copper re- 
arithm pyridine concentration. 


0.04 
0.14 
a -0.20 
7 


sharply toward negative values. 


Calculations using Eyuation(2) ipdicate that the ion 
formed. Apparently other complek ions are present detectable 
the solution, and one them were formed, the region pyridine con- 
centrationsin which they could exist extremely 


has been pointed out above, the second diffusion wave corresponding 
the reduction of-univalent copper metal, shifted more negative 
values. This shift the potential copper reduction, not linear 
function the logarithm pyridine concentration. 


along the different sections Curve (Fig. 2), cor- 
range pyridine concentrations extending from 0.025 mol/liter 0.25 
the numerical value log 0.119 volt, which agrees with the 
etically computed value 0.118 volt for the coordination number 
plex ion. Thus, this pyridine concentration range the complex ion 
formed and predominates. 


the observed slope volt, which corresponds coordination number 
fer which the computed velue log ought 0.177 volt. 
pyridine concentrations, therefore, the formula.of the complex ion 


further rice the pyridine concentration 1.1 mol liter changes the 
slope, making 0.258 volt instead volt for the coordination number 
this concentration range tiie solution contains the complex ion 


pyridine concentrations excess 1.1 1.2 the observed 
value log 0.4, which quite close the theoretical value 
0.56 volt for the Apparently, this concentration 
that the last case the discrepancy between the theoretical value log 
and the observed value greatest. This may due errors determining 
the half-wave potential. high pyridine concentrations the shape the dif- 
fusicn wave changes noticeably, its upper section becoming markedly rounded and 
flattened. Moreover, high pyridine the solution becomes cloudy, 
probably owing the and the copper diffusion current 
diminished somewhat. 


TABLE Our results indicate that 

selutions containing pyridine, 
thermodynamic equilibrium es- 
tablished between the complex 
ions univalent copper formed 
reduction the curface 
the drop electrode. The 
rium position, and hence the con- 
centration the complex ion 
idine the solution. 


low pyridine concentra- 
tions, complex ion with coordination number predominates the solution; 
the pyridine concentration rises, the the complex ion with 
coordination number increases, while the concentration the complex ion 


Instability Constants Coordination Com- 

plex cation constant 


with the coordination drop., and forth. employed (1) 
are given Table 


seen the stability the coordination compound. formed 
rises with coordination may stated this point that for iden- 
tical the stability complex ions univalent copper 
much higher than that coaplex ions bivalent copper. This 
were detect couplex cation. bivalent copper and pyridine with 


voth for end for bivalent copper. 


pyridine has been inve 


has taat containing pyridine the latter 
reects with the copper resulting tiie formation complex cations 
various compositions. 


The coordiaation nambers and the instability 
ion. formed have been 
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SYNTHESIS .AND TERTIARY 


ALCOHOLS THE SERIES 


AND 


Lebedeva 


Lenin 
one ovr previous papers [1] established that the action sulfuric 
acid yields several products, formed the bydration, de- 
hydration, isonerization, and polymerization the dimethylvinylcerbinol. The re- 
sults the researches and K.A.Oglobin the reaction 
sulfuric acid with and 
agreed with our results. All researches dealt with aliphatic ethylenic 
alcohols, however, that warth-while the action sulfuric 
acid upon aliphatic-arcmatic ethylenic alcohols. With this view synthesized 
actions with sulfuric acid. stablishing the fact that sulfuric 
acid cleaves roon forming acetophenone, 
traces and polymer, when the quantity aqueous solution 
sulfuric acid used ten tines that the 


Ketone decomposition unsaturated and ketones acids and bases 
has been known for long time. Claisen was the first note that mesityl 
oxide breaks down into two molecules acetone when reacted with extremely dilute 
sulfuric acid. Then Kondakov found that when unsaturated aldehydes ketones 
are together with weak sulfuric hydrochloric acid, they are cleaved 
into aldehydes ketones with lower number carbon atoms than the initial 
molecule. When cinnamic aldehyde reacted with alkali and lime, get benz- 
aldehyde and has that the action 
sulfuric acid alkali unsaturated aldehydes and ketones some 
the aldehydes replaced V.V.Chelintsev believes that the cleavage 


possible only when the group present. 


our instence, such group present when dilute sulfuric acid was re- 
with end yet ketone decomposition the unsatur- 


alcohol tcok place, resulting the formation acetophenone 
from the nolecule 


have been unable, yet, and identify the product obtained from 
the other half the molecule. cleavage 
phenylvinylcarbinol, has been observed only when reacted 
with 25% acid. milder conditions, using 15% ayueous-alcoholic 
sulfuric aicd (2:1 alcohol:water and three times much the aqueous- 
alcoholic sulfuric acid the methylphenylvinylcarbinol (at room temperature), 


allyl the took place instead cleav- 
age, yielding the primary alcohol: 


i.e., reaction tne one taking place when sulfuric acid 
reacted dimethylvinylcarbinol. Under our experimental conditions, got 
approximately 50, alcohol from the methylphenylvinylcarbinol 
used for the reaction. The residue consisted analyzable mixture 

primary and tertiary alcohol, with small quantity rather viscous 
that was not subjected further analysis. The primary alconol was identified 
several its physical constants and was hydrogenated catalyticaliy with 
black; this vielded caturated alcohol, was then oxidized with 
chromic mixture produce acid. Analysis the silver salts 
the that oxidation apparently resulted forming mix- 
ture end benzcic acids. were unable isolate the pure silver 
phenylbutyrate. The increased exaltation the alcchol 
(approx. 1.5) appurently due the presence conjugated double bonds, which 

not exist the methylphenylvinylcarbinol. 


When aqueous acid was reacted with methylbenzylvinylcarbinol 
(120-122° fraction mn), recovered mixture that boiled the 98-150° 
range. Four narrower fractions were isolated this mixture. Analysis 
all four fractions for their percentages carbon and hydrogen, their molecular 
refraction, and their molecular indicated that their formula was 
i.e., that the initial methylbenzylvinylcarbinol. The wide boiling-point range 
compels assume, however, that the mixture obtained the action sulfuric 
acid upon methylbenzylvinylcarbinol also contains tne product the latter's iso- 
merization, v,y-methylbenzylallyl alcohol. the fractions rapidly decolorized 
solution permanganate the cold. ketone was found any the 
fractions. this case, apparently, the action sulfuric acid does not cause 
ketone decomposition such observed under identical conditions for methyl- 
phenylvinylcarbinol, the only reaction taking place being allyl 


When methylbenzylvinylcarbinol was boiled for hours with 25% sulfuric acid, 
recovered substence that boiled over very wide range, from 79° 168° 
Analysis the first fraction indicated that this apparently was unsaturated 
the initial alcohol. for carbonyl compounds was negative. The higher per- 
centage carbon and hydrogen the first justified the assumption that 
the sulfuric acid upon the hot reaction mixture causes partial detachment 
water, giving rise diene hydrocarbons, did not subject further 
analysis. The absence methylbenzylketone the indicetes that methyl- 
benzylvinylcarbinol does ketone even when heated, and 
that its behavior toward sulfuric acid closer dimethylvinylcarbinol 
than that methylphenylvinylcarbinol. 


EXPERIMENTAL 


The mixture was agitated for days (40 hours). the layers were separa- 
ted. The top layer was washed with ayueous solution and desiccated 


432 


potash. The lower layer was extracted with ether. After being washed and desic- 
cated with the ether extract added the top layer. After the 
had been driven off, the distilled reduced pressure, the following 
the tarry residue the flask totaled 15.6 


II: 1.0 90-100°. 


The 82-90° mm) fraction yielded semicarbazone with semicarb- 
azide; m.p. 182-184° (from alcohol). test sample mixed with acetophenone semi- 
fused Treatment with silver nitrate produced 
mirror. this fraction was oxidized with moist silver nitrate. 
mixture was extracted with ether. The ether was driven off. This left 
0.75 oily liquid with the odor The. semicarbazone this 
liquid was prepared, fusing {from test sample mixed with 
semicarbazone exhibited depression. The-residue silver salts 
was oxidized with sulfuric acid and extracted with ether. Driving off the ether 
left behind crystalline acid that fused (after 

test sample mixed with benzoic (m.p. 121°) the 
mixture obtained was shown contain small amount benzoic 
acid. 


Action agueous-alcoholic sulfuric acid upon methylphenylvinylcarbinol. 
ethyl and 25, sulfuric acid was added the mixture. 
The mixture, which was transparent first, soon grew cloudy, and then layer was 
formed top. The next day the layers were separated, top onebeing diluted with 
ether, washed with potash solution, with calcined potash, and dis- 
tilled. mm) yielded the following fractions: 5.8 
and II: 8.0 the viscous residue the flask totaled +.4 


Double Fraction yielded 1.2 substance that boiled 


Analysis the fraction: 0.9696; 47.03. 


Found 81.04, 8.51, 8.55. 
Found: 152.5. 
Calculated: 148.1. 


HyGrogenation the 105-107° mm) fraction. Hydrogenation was carried 
and ethyl alcohol. Theoretically required (2H): 548 hydrogen. 


‘ 


Driving off the alcohol left behind 1.1 liquid that did not de- 
colorize ajueous permanganate solution and distilled mm). 


45.996. 


Oxidation the fraction. 1.1 under the condi- 
tions recommended for isoamyl After oxidatibn, the solution was 
luted with water and distilled with steam. oil over that 


not produce mirror and exhibited faintly acid reaction. were un- 
able prepare silver salt the acid distillate. 


Tne residue left after the volatile parts nad been driven off was diluted 
witn water and extracted with ether; the ether extract was desiccated with calcined 
sodiwa sulfate, after the ether was off and the acid residue converted 
into silver salt. 


Analysis the silver salt. 


Fraction 0.0705 substance: 0.0512 Ag. 
Fraction substance: 0.0511 Ag. 
Found 44.38, 45.59. 


The acid recidue therefcre apparently consisted mixture benzoic and 
acids. 


mixture vas agitated for hours (15-18°). Then the top layer 
was and the bottom layer was extracted with ether. The ether extract was 
poured the top layer, which was then washed with soda and desiccated 
etuer was driven off, and tue residue was fractionated. The following 
130°; the residue the distilling flask totaled 


Analysis Fraction 1.0030; 1.52567; MR, 49.79. 
MR, 
Found: 152. 
Calculated: 102. 


Fraction II: 0.9988; n2° 1.54686; 


ma); this substance for carbon and hydrogen gave the following 
results: 

Found 81.00, 81.51; 8.40, 8.14. 


Analysis Fraction III: 0.9870; ng° 1.52317; MR, 50.13. 
Found: 106. 
162. 


Subsequent distillation yielded narrower fraction that boiled 
(17 this fraction for carbon and hydrogen gave the following re- 


‘ 


sults: 
Found 81.21, 8.55, 8.81. 


cold and not react with semicarbazide. 


Thus, the results analysis all fraction: fit the formula 
but the broad boiling-point range tnat thic mixture 
while Fraction alcohol. 


Determination the the residue indicated that 
apparently consists mixture the dimer ond trimer 
ecid. This polymer was not subjected further ensl- 


was over, the mixture wac the same treatment the preceding 
experinent ard then The following fractions were recovered (at mm): 
residue was viscous polymer. 


Found: 
Cyi 


Found: 
cold and did not react with Apparently, they 
mixture cnd the initial alconol, were unable 
separete more carefully the products recovered. 


SUMMARY 


The ection dilute culfuric acid upon and 
has been inve.tigated. 


When aqueous sulfuric acid reacted with 
the Jatter cleaved, forming and polymer product. 


When 13% sulfuric acid reacted with methylphenylvinyl- 
ketone decomposition observed, allyl rearrangement taking place 


the only reaction erved the allyl into 
allyl 
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FORMATIONS WHEN UPON ACID 


“4% 


Order 

The dialkylallylcarbinols have long attracted the attention research 
workers; their third hydroxyl group and double bond makes them 
extremely reactive and capable various isomeric transformations. Their de- 
hydration special interest, and has been the research topic several 
scientists: A.M.Zaitsev [1], Lyubarsky [2], and [3], and more 
recently, Escourrou [4], Y.M.Slobodin [5], A.D.Petrov [6], and others. But 
many instances the structure the has been 
recently, the initial researches these alcohols A.M.Zaitsev and 
his pupils were carried out time when chemists did not yet have their 
disposal two fundamental methods determining the structure unsaturated 
compounds: The E.E.Wagner method oxidation permanganate solu- 
and the ozonation method. his 1958 research the action sulfuric 
and oxalic acids dimethylallylcarbinol, Slobodin demonstrated that this 
results the formation hydrocarbon that with maleic anhydride 
and, hence, contains conjugated system bonds, whereas the authors 
who studied this reaction previously had held that the resulting hydrocarbon 

obtained similar results his study the dehydration di- 
ethyl-, dipropyl-, and diisopropylallylcarbinols: “in every case recovered 
hydrocarbon with conjugated bonds, with more less traces hydro- 
carbons with isolated bonds. 


considers that the dehydration always 
occurs one the saturated radicals; the synthesis hydrocarbons with con- 
double bonds reaction with sulfuric: when the dehydration reac- 
tion affects the allyl radical due isomgrizing action sulfuric 
acid. believes that all acid agents can bring about isomerization the 
hydrocarbons produced dehydration. That undertook study the 
dehydration tertiary alcohols the series over alumina, which 
yielded chiefly hydrocarbons with isolated bonds, 


Owing the proximity the alcohol group three aliphatic 
radicals, the dehydration dialkylallylcarbinols sulfuric acid simple 
reaction only rare instances; the experimental conditicns may promote re- 
tard direction another taken the reaction, and some cases one 
particular recovered almost exclusively. seems that 


‘ 


‘ 


this may the reason for the fact that various researchers have ascribed different 
structures the hydrocarbons they synthesized reacting sulfuric acid the iden- 
tical allyl alcohol. Moreover, the radicals comprising the alcohol will, course, 
likewise affect the course the dehydration. Lastly, whenever dehydration ef- 
fected with reagent like sulfuric acid, isomeric transformations the synthesized 
hydrocarbons well the initial alcohols may take place. 


Using methylphenyl- and diphenylallylcarbinols examples, have 
strated [7] that, addition all the foregoing transformations, the reaction 
allyl alcohols with sulfuric acid may also result the decomposition the mole- 
cule the initial alcohol, giving rise the corresponding ketone and unsat- 
urated 


Inasmuch one had previously observed conversion allyl 
alcohols, desired check whether such decomposition products were formed, even 
negligible amounts, when sulfuric acid was reacted with tertiary allyl alco- 
hols containing two saturated aliphatic radicals. The alcohol chosen for this test 
was 


was first synthesized N.Zaitsev from 
methyl ethyl ketone and allyl iodide the presence zinc, with yield 17%. 
1955 Milas and McAlevy [9] synthesized reacting allyl chloride and allyl 
bromide and methyl ethyl ketone with magnesium. Using the method suggested 
Yavorsky for the synthesis alcohols, carrying out the reaction 
single phase without the prior preparation allylmagnesium halide, and 
employing specially activated magnesium, the authors secured yield 42% 
methylethylallylcarbinol. our research used unactivated magnesium shavings, 
and the synthesis was performed the Yavorsky method, single phase. This 
yielded 53% and approximately 5-6, isomeric alco- 
hol whose boiling point was 26° higher than that methylethylallylcarbinol. 
Exactly when did the isomerization the During 
the formation the organomagnesium coordination compound during its decompos- 
ition water and sulfuric acid check the latter assumption the methylethyl- 
allylcarbinol was agitated with dilute sulfuric acid room tem- 
perature for several hours; the alcohol was recovered unchanged practically the 
quantitative yield. Thus isomerization took place under these conditions. 
were therefore left with the assumption that isomerization occurs during the syn- 
thesis the The papers the authors cited above 
make mention the formation higher-beiling.alcohol under the experimental 
conditions employed then. 


The structure the synthesized isomeric alcohol was proved its oxida- 
tion with potassium permangancte, yielding methyl ethyl ketone and acrylic acid. 
These products can come only from primary alcohol, 


see it, the formation this alcohol from nethylethylallylcarbinol 
best explained the intramclecular isomeric the tertiary al- 
cohol, accompanied shift the hydroxyl group the gamma position. The 
shift the hydroxyl group the gamma position extremely interesting, and 
are the first observed it. There are references the literature 
shifts hydroxyl groups more distant positions, but only when tie molecule con- 
tained conjugated double bonds There are known examples such shifts 


for alcohols containing allyl radicals. 


may appropriate mention one interesting transformation this 
point, observed during the synthesis methylethylallylcarbinol. set 
experiment aimed wethylethylallylcarbinol under the usual con- 
ditions synthesis, i.e., two phases rather than one, adding 
solution methyl ethyl ketone the initially synthesized 
ide. The resulting alcohol yield was considerably lower; part magnesium re- 
mained unreacted, and diallyl hydrocerbon was formed. Another experiment, set 
synthesize under these conditions, yielded quite unex- 
pected results. All the synthesized products distilled temperatures below 125° 
(the beiling point methylethylallylcarbinol 158-140°). They contained diallyl 
compound, the ketone that did not enter into the reaction, and sub- 
stance with b.p. with characteristic camphor odor, containing 
halogen carbonyl group and not decolorizing potassium permangante solution 
bromine chloroform, which was recovered the principal reaction product 
which indicated that did not contain three-membered ring. 
ing that this was isomeric conversion the methylethylallylcarbinol with 
shift the hydroxyl group the beta position, followed the clocing four- 
ring and the formation methylethylcyclobutanol, oxidized the resulting 
product with nitric acid the Demyanov method expecting obtain methylethyl- 
cyclobutanone: 


But under oxidation conditions the molecule was even more thoroughly 
decomposed, oxalic being formed. The experiment involving the syntnesis 
the substance with b.p. was repeated several times under identical 
conditions, with the same samples reagents well with different ones, but 
other instance did recover trace this product; the reaction yielded 
the diallyl compound and The interesting course the 
reaction referred above was probably due the presence minute 
some substance that catalyst and caused the reaction take that 
turn. Owing shortage the material were unable, unfortunately, demon- 
strate the structure the interesting product synthesized, but feel obliged 
mention the possibility the reaction taking this course during the synthesis 
methylethylallylcarbinol. 


The methylethylallylcarbinol synthesized was heated with 25% sulfuric 
acid. From the reaction products recovered 33» alcohol whose constants 
were wholly identical with those alcohol recovered the 
nesium synthesis, together with small lower-boiling fraction that 
distilled 15° and had constants that agreed with those the corres- 
ponding diene hydrocarbon. were unable detect tne presence carbonyl 
group the products the lower-boiling fraction, ketone decomposition took 
place, and the reaction chiefly involved the isomerization the tertiary alcohol 
primary one, accompanied slight dehydration the initial alcohol. 


Synthesis methylethylallylcarbinol. absolute ether was poured 


over start the reaction going some methyl was added, 
olved 450 absolute ether was added drop drop during the space 
After this was completed, continued for another hour. 
was with ice water and dilute sulfuric acid. The layer 
and extracts made from the were desiccated wita 


The product recovcred off the ether distilled atmospheric 
flask that did not pass over atmospheric pressure was distilled 


hour. separated top layer and extracts made the bottom layer 

were washed with soda and water and with calcined potash. After tne 
ther had been driven off, the was distilled atmospheric pressure. 2.5 
did not pass over without decomposition was distilled 


Calculated: 


Calculated: 96.0. 


These constants are the same those for the initial 
carbinol. 


Found: 


Tae constants fraction are the for the with 


tue 

tar, 


The precipitate wes filtered out, and the filtrate was steam distilled, 
extracts being made distillate. The precipitate was heated over water 
bath with ether for hours the neutral products it. Drying and 
Griving off the ether yielded about substance that was treated with 
carbazide solution. semicarbazone was from 
its m.p. was test sample mixed with the known metayl 
ethyl ketone depression. The first drops distillate that passed 
over the distillation the products were treated with p-nitro- 
phenylhydrazine. The p-nitrophenylhydrazone depression when 
mixed with the p-nitropnenylhydrazone known methyl ethyl 


The solution salts obtained result oxidation was evaporated 
over water after cooled, was with dilute acid. 
The were extracted with ether, first man-ally end ex- 
tractor. Drying and driving off the ether resuited the recovery acid with 
acrid odor that reminded one the odor acetic 
acid, and decolorized solution. silver salt the acid with 
b.p. prepared; settled out stellate crystals. 


0.0756 substance: 0.0455 Ag. 
Found 60.52, 60.41. 


tried prepare lead acrylate, settled out viscous, trans- 
parent, mass instead had observed similar phenomenon pre- 
but that time had succeeded converting this mass into crystal- 
line salt, consisting typical fibrous were accomplish this 
this tine. 


oxalic acid was detected the usual methods acid solution left 
after the acrylic acid had been separated out. 


95-97° mm) fraction: 0.8667; 0.8545; 1.4778; 63.57. 


Calculated: MR, 


0.5416 substance: 20.61 benzene: 
Found: 
Calculated: 


may stated that when methylethylallylcarbinol heated with 
sulfuric acid, the following reaction products were obtained: 


alcohol 


Treatment arbinol with 20, sulfuric acid the cold. 
All the alcohol was recovered unchanged after the test. 


ether during the course heurs. After the was complete, 
ethyl ketone 100 ether added the ice-cnilled bromide. 
The was decomposed with ice water and dilute sulfuric acid. 
The ether layer decanted from the solution and the ether extracts made were 
desiccated with calcined potash. The magnesium that had not entered into reaction 


was washed and dried; weigned 6.5 The ether driven off from the extracts had 
strong hydrocarbon odor and boiled approximately (the compound has 

with yield 30% based the magnesium consumed the re- 
action. another test made under exactly the same conditions, sub- 
stance with b.p. 120-122° was recovered after the ether had been driven off and 
the reaction products were distilled. 


33.70. 


SUMMARY 


has been established that when methylethylallylcarbinol reacted 
with sulfuric acid and heated, the reaction follows two courses: dehydration the 
alcohol, yielding monomeric and hydrocarbon, and isomerization the 
tertiary alcohol primary cne. 


has been established that the isomerization methylethylallyl- 
carbinol accompanied shift the hydroxyl group the gamma position, the 
primary alcohol being formed. 


The structure the primary has been oxidizing 
form methyl ethyl ketone and acrylic acid. 
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CENTRALLY LOCATED DOUBLE 


one our previous reports [1] described the reaction 
dichloride with methylmagnesium bromide. With this reaction 
atoms the allyl type are under the ectivating influence the same double bond 
behave allyl chloride with organomagnesium compounds. For ex- 
ample, reacts with bromide exchange both 
chlorine for radicals the forming trans alkene 
(5-hexene) with centrally located double bond. 


ide, were interested studying the behavicr disecondary unsaturated 1,4-d1- 
this reaction. 


With this view, this paper report the reaction 
been established that 1,4-dipropenyl dichloride both ofthe chlorine possess 
mobility and (like the chlorine atoms 1,4-divinyl can 
the radicals compound, giving rise trans alkenes with 
centrally placed double bond: 


When 1,4-dipropenyl was reacted with bromide, 
vas synthesized (the yield was the and 
When was reacted with bromide, 3,6- -4-octene was synthesized 
(the yield 25,. the theoretical). 


The the initial alkadiene and the simplicity 
the reactions justify our considering this new method for the syntlesis 
alkenes with centrally located double bonds, such as: 


RCHCH 


When 1,4-dipropenyl dichloride reacted with organomagnesium compounds (as 
the reaction dfchloride with methylmagnesium bromide), the initial 
alkadiene dipropenyl (2,4-hexadiene) by-product the reaction, being formed 
the detachment two chlorine atoms (by the from the initial dichloride: 


EXPERIMENTAL 


The chlorination dipropenyl, investigated for the first time our re- 
search, was effected under varying conditions (temperature solvent). The method 
that the yield the set forth below. 


The dipropenyl (10 was chlorimated ether solution (30-40 m1), the 
reaction vessel being chilled snow-and-salt mixture. The reaction was consider- 
complete when the increase weight the reaction mixture had reached 
the theoretical value, based the addition two chlorine atoms the dipropenyl 
molecule. The reaction was balanced scales make possible observe 
the weight and determine the end the reaction. The chlorine current 
was gentle one prevent rapid heating and the liberation hydrogen chloride 
well the carrying off tae hydrocarbon and the ether the current gas. 
The nearly uniform, with some slight acceleration toward 
the end the experimént. The requisite increase the weight the 
from was attained after minutes nad elapsed. After the ether 
had been driven off and the residue had been distilled vacuum (with de- 
recovered 1,4-dipropenyl dichloride pos- 
sessing the following constants: 


B.p. 78.5-79° (57 1.4710; 1.0692; MRp 40.00. 
Found 47.51, 5.98, 6.01. 
The dichloride yield was 70, the theoretical. all succeeding tests 
(eleven all) made with this method the same yield was attained. 


The dichloride was ozonated order determine its structure. 
Only one acid was isolated from the ozonation products, its constants and analysis 
indicating that was acid. The acid was distilled 184° (760 
mm) and had 1.4520. 


Found 33.40; 4.92, 4.80. 


Literature data: B.p. 75° (13 


this has: been established our subsequent: investigations (cf our 


with 


ether solution dichloride (51 was added with constant 
stirring methylmagnesium bromide (123 methyl bromide and magnesium). 
After ali the dichloride had been added, the reaction mixture was for hour 
over water bath and left stand overnight, the next day heating was resumed for 
another hours. Decomposition was effected with dilute acetic acid The 
ether extract was its reaction was neutral and then dried with 
after which the driven off and the residue was fractionated over 
sodium (into tower with theoretical ylelded the theor- 
etical yield) 2,5-dimethyl-3-hexene, with b.p. (750 (cf Sect. 3). 
recovered from the reaction products during distil- 
into the tower. Hence, the dichloride placed 
Was forming The was identified its 
b.p. 82° 1.4550; 0.7212; and the melting point its 


Analysis the Hydrocarbon with B.P. 103.5° 2,5-Dimethyl-3-hexene 


The hydrocarbon with 103.5° the product the reaction 1,4- 
dipropenyl with bromide, which the structure 2,5- 
could have been ascribed virtue the method its synthesis 
was redistilled over sodium (into tower with theoretical trays); contained 
traces halogens and possessad the foliowing constants: 


103-103.5° (756 mm); 1.4100; 0.7122; 
Calculated: MR, 38.67. 
Found 85.70, 85.75; 14.32. 
Literature data: The synthesis 2,5-dimethyl-3-haxene not described 
the literature, but Egloff's handbook the constants this hydrocerbon are 
from dissertation Reid [7]: b.p. 102-102.1° (710 ma); 4030; 


the following constants: 


B.p. 109°(19 mm); 1.5058; 1.5034; MRp 53.76. 


dibromohexane not described the 


The combined scattering spectrum 
was with Steinheil three- -prism glass 
linear dispersion 0.017 The line 22938 was used 


for solution potassium nitrite was used the light filter. The 
spectra were pnotographed Eastman Kodak P-O plate. The the 
lines the combined light-scattering spectrum were measured means linear 
interpolation between the twa closest lines the iron spectrum, photogrephed 
the time means Hartmann diaphragm. Tne combined 


a 


spectrum was investigated the frequency range 
3000 The intensity the spectrum was estimated visually. The results 
measuring the frequencies the combined light-scattering spectrum 2,5-di- 


(1.5; B); 80% (3.5); 831 (3); 855 (5); (2); 
1022 (0); 1040 B); (0.7; B); 1296-1302 (10; B); 

2965 (1.5); (0.7); 3128 (0.5). 


The presence the intense frequency 1668 the spectrum indicated 
that the 2,5-dimethyl-3-hexene had was the: trans form. traces 
the cis form were detected. 


Reaction Dichloride vith Bromide 


The reaction between 1,4-dipropenyl (60 and ethylmagnesium 
bromide (168 ethyl bromide and magnesium) was carried out under the same 
conditions those used for the methylmagnesium bromide (cf Sect. 2). Fractional 
distillation the reaction products over sodium (into tower with theoretical 
trays), after the usual treatment the reaction mixture ang the the 
ether from the washed and desiccated ether extract, yielded hydrocarbon with 
149.5-150° (760 mm) The yield the hydrocarbon totaled 
25% the theoretical (cf Sect. 5). 


Besides the 3,6-dimethyl- the reaction products also yielded the 
initial diene hydrocarbon dipropenyl (2,4-hexadiene), which was {after 
distillation into its constants 82°! (750 mn); 
and the point its addition product with maleic 


tower with theoretical trays); contained traces halogen ang 
the following constants: 


149.5-150° (760 mm); 1.4205; MRp 48.00. 
Calculated: MRp 47.9. 


Literature Gubelmann and patent the constants 


hydrocarbon the authors: was not sufficiently pure. 


aqueous solution potassium permanganate the cold, the manganese 


‘ee 


sulfate. The oxidation product proved methylethylacetic acid, with 


Bromination The hydrocarbon was brominated 


snow-chilled ether syntaes ized 3,6-dimethyl-4 ,5-dibromodctane possessed 
the constants: 


Calculated: 63.91. 


Optical The spectrum was under 
the sane those “for spectrun (cf. 
Sect. results measuring tne frequencies the combined. light-scattering 


spectrum were follows: 


276 B); 310 (2.5; (1.8; 383 (0.2); 433 (1.8); 
(2; B); 1090 (2; 1216 (1. 1258 (0; 1270 
1302 ((4; B); 1340 2); (10; B); 1668 


The presence the frequency 1668 the spectrum 
was the pure trans form. 


SUMMARY 


has been shown, for the first time, that disecondary unsaturated 1,4- 
dichloride) can react with compounds, 
forming trans centrally located double bond. 

The reaction 1,4-dipropenyl dichloride with compounds 


effective method synthesizing iso trans alkenes with centrally located 
double bond. 


The reaction 1,4-dipropenyl dichloride with methylmagnesium bromide 
produced (trans form) with 20% the theoretical yield. 

The reaction dichloride with ethylmagnesium bromide 
produced (trans form) with 25% the theoretical yield. 

The synthesized hydrocarbons were identified their constants, analy- 


sis, study their oxidation and bromination products, and examination 
their combined light-scattering spectra. 
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previous report demonstrated that the reaction malonic acid 
with acetic anhydride yield. two mixed anhydrides one acid and the other 
neutral 


paper has shown that mixed anhydrides (the "Ott 

condensed with acetone, yield that 
acid (III). The cancentrated sulfuric acid, which catalyzes 
the the mixed anhydrides. ascertain whether 
acts similarly during the with acetone. Experiment however, 
that sulfuric acid does not affect this letter reaction, inasmuch B-lactonic 
acid similar alsa synthesized even when mixed anhydrides prepared with- 
out the use sulfuric acid (the so-called mixed anhydrides"; 
are condensed with acetone. 


Enployment this reaction with number carbonyl compounds such 
(Experiment 6), (Experiment 8), and others, demone 
strated the universal nature this reaction, which modification the 
Meldrum-Ott synthesis 


Inasmuch the and the mixed constitute 
mixtures two mixed anhydrides the acid (I) and the neutral had 
determine which the two yields acid when reacted with acetone. 
This was the more interesting inasmuch know that mixed anhydride 
monomethyl malonate and acetic acid produce the corresponding ester 
a-B-lactonic acid when condensed with acetone. solution this problem 
could found only were able synthesize each the mixed anhydrides (I) 
and separately. has been pointed out already, this can done reacting 
acetyl chloride with the acid neutral silver salt malonic acid Re- 
acting neutral silver malonate with acetyl chloride the presence 
acetone yielded acid that was identical with that synthesized previous- 
(Experiment 4). such reaction took place when the acid silver malonate was 
used. Hence, only the neutral mixed anhydride (II) can condens with acetone. 


acid from silver and acetyl chloride 
this good for other carbonyl compounds besides acetone, and, second, 
whether takes place only with mixed anhydride containing the acetyl radical, 
with other mixed anhydrides well. 


The reaction neutral silver malonate with acetyl chloride the presence 


; 
449 


(Experiment and benzaldehyde (Experiment yielded the corres- 
acids and proved the universal applicability this reaction. 


chloride for acetyl chloride the reaction, carried 
out the presence acetone, enabled prove results 
the formation acids with other mixed well. sure, 
this substitution has preparative significance, inasmuch the isolation the 


resulting acids from the benzoic acid simultaneously formed extremely 


The general equation for the reaction, say, for condensation acetone, 
may expressed follows: 


CHa 
(II) 


This equation gives inkling, however, the nature the intermediate 
stages involved the by-products, nor there any experimental material 
this point the literature. 


may assumed that the first stage condensation will res the 
malonic and acetic acids (IV); neutral mixed anhydride 
malonic and acetic acids (V); or, lastly, the mixed anhydride the 


The conversion compounds into the acid 


partially saponified atmospheric moisturé, yields the acid mixed anhydride 
and acetic acids (VII); but then hard understand 
why the mixed acid anhydride, which converted 
acids (VI), not condense With acetone directly. Anhydride when 


ified atmospheric méisture, yields the acid 
directly. 


The mixed anhydride B-hydroxyisopropylmalonic and acétic acids (v) 
transformed process into the mixed anhydride the 
lactone isopropylidenemalonic and acetic acids (VI), which converted 


acid (III) 


The the mixed anhydride into the lactonic acid 
(III) has been above. 


preparing the mixed anhydride malonic and acetic 
and investigating its transformations the condensation the 
the primary mixed anhydride with acetone, which results, know, 
the formation the B-lactone isopropylidenemalonic acid (III). 


propylidenemalonic acid and anhydride causes complete dissolution. But after 
standing for long time, followed the driving off the acetic anhydride 
vacuum, the initial acid recovered unchanged (Experiment 
10). When acetyl chloride reacted with neutral silver 
anhydrous acetone (Experiments and 12), the reaction very 
violent, but recovered the initial benzalmalonic acids in- 
stead the expected acids. 


similar series tests (the action acetic anhydride upon the acid, and 
the action acetyl chloride upon the silver salt) was run with isopropylidene- 
acetic the hope obtaining the corresponding B-lactone. These experiments 
were fruitless. recovered either its sym- 
metrical anhydride (Exper iments 


may considered experimentally proved that Supposition regard- 
ing the mechanism formation B-lactonic acids false 


supposition were correct, might expected that the reaction 
alcohol with the crude condensation product would yield the corresponding esters: 
ester the B-lactonic acid (III) the hydroxy ester the dicarboxylic acid 
But the latter case, would also have expect such compounds 
extremely unstable, easily decomposing into the initial carbonyl 
and malonic ester. 


first ascertained that complete condensation with the mixed 
anhydride requires long time. The filtrate resulting from the reaction acetyl 
chloride with the silver malonate was divided into two equal parts. One part was 
given two more hours treatment, and the initial malonic acid was recovered. The 
part, left standing overnight, B-lactonic acid (III), that was iden- 
tical with that. previously prepared (Experiment 15). 


explore the reaction between alcohol and the condensation products, all 
the operations were carried out under conditions that precluded the entrance 
atmospheric moisture, and the reaction product was sealed carefully desiccated 
ampoule. One day later, the reaction product was poured into 
This yielded acetic acid (identified its ester) and dimethyl malon- 
ate. small quantity the reaction product quickly crystallized long needles, 
which proved the acid (III), when allowed stand air. This 
indicates that condensation took place and that the formation the dimethyl mal- 
onate was the result secondary process decomposition the condensation 
product, accordance: with the supposition expressed previously. 


Because our fear that the methyl ester the acid (III) might 
prove liquid, its isolation the pure state might result decomposi- 
tion the molecule, carry out the such way recover 
crystalline products. accomplish this, substituted for the methanol, 
but, here again, only the malonate was recovered (Experiment 17). Hence, 
may considered that the first stage condensation the mixed malonic- 


The fact that were unable isolate not only 
position the mechanism the but also casts 


— ' 


doubt upon the correctness the assumed mechanism the subsequent transformations 
the mixed anhydride and acetic acids (V) into the 
lactonic acid (III), inasmuch the next stage the formation the mixed anhyd- 
ride the B-lactone isopropylidenemalonic and acetic acids (VI). 


Study the by-products the reaction, together with experiment run 
determine whether atmospheric moisture these processes (the latter may 
serve merely but not primary proof, inasmuch ex-. 
tremely difficult ensure the absolute exclusion atmospheric mois ture), would 
great importance resolving the the subsequent transformations 
the (V). 


The tests ran (Experiment 18) proved that the second product the con- 
densation the mixed malonic-acetic anhydride with acetone acetic anhydride, 

that plays part this reaction. The foregoing makes 
possible represent the mechanism the formation the B-lactone that cor- 


HoC 


CHg 


conclusion, must express heartfelt gratitude Academician 
Rodianov and Prof. for their extremely valuable counsel and instruc- 
tions. 


EXPERIMENTAL 


prepared with malonic acid (cf Report Experiment.1) [1]; this causes con- 
heating, and the reaction mass turns The reaction mass crystallizes 
overnight. Recrystallization from acetone benzene white, 
crystals with 96-97°. The yield the B-lactone isopropylidenemalonic 
acid the theoretical. 

Consumed: after boiling for two hours with excess alkali 10.75 ml. 
Computed: for neutralization 
Computed: for neutralization and saponification 10. 


Acidulation did not result recovery the initial lactonic acid. 


the silver salt, prepared precipitation lactonic acid 
solution, neutralized with alkali “in the cold, with silver nitrate: 


Found 43.10. 


the_ silver salt, prepared precipitation lactonic acid 
solution, neutralized boiling with alkali, with silver nitrate: 


Found 60.09. 
60.31. 


with mslonic acid (cf. Report Experiment (1); further 
outlined above. This (48.6% the theoretical). white acicular crys- 
tals with 96-97°. test sample mixed with the end Experiment 
fuses 


Titration: 0.0913 substance: 70% alcohol. 
Consumed: after boiling for hours with excess alkali 12.72 ml. 
Computed: for neutralization and saponification ......... 12.66 ml. 


acetone added the mixed anhydride," prepared with 
malonic acid heating (cf Report Experiment [1]; further treatment 
outlined above. This yields white acicular crystals with 96- 


97°. test sample mixed with the preparation described above exhibits depres- 
sion. 


Titration: 0.0626 substance; alcohol. 
Consumed: after boiling for hours with excess alkali 8.70 


and acetyl chloride added drop drop with constant stirring. The 
solution heats considerably and turns yellow. After cooling, the precipitate 
silver chloride filtered out and washed with acetone, and the combined acet- 
one mother liquor set aside stand overnight. Then the solvent driven off 
slight vacuum, and the residue recrystallized from acetone benzene. 
1.4 (48.6% the theoretical) white crystalline substance with 
am.p. 95-96°. test sample mixed with the above ex- 
hibits depression. 


Consumed: after boiling for hours with excess alkali... ml. 


Computed: for neutralization and saponification ........ ml. 


and 5.65 benzoyl chloride added drop with constant stirring. The 
subsequent treatment the same the preceding experiment. Repeated fractional 
recrystallization from benzene petroleum ether yields two fractions: one 
with 96-97°, does not exhibit any depression when mixed with sample 


the B-lactone isopropylidenemalonic acid. 


Titration: 0.0265 substance; 70% alcohol. 
Consumed: after boiling for hours with excess alkali ...... 
Computed: for neutralization and saponification 


The second fraction fuses 119-119.5° and exhibits depression mixed 
test sample with benzoic acid. 


Titration: 0.0814 substance: 50% alcohol. 
for neutralization .... 


Condensation with benzaldehyde. benzaldehyde added the 
“primary mixed with acid; this results very 
intense heating the mixture. Subsequent treatment the same Experiment 
This yields (27.9% the theoretical) white, acicular crystals that fuse 
with decomposition 145-146° (from mixture acetone and benzene). 


Titration: 0.0343 substance: 70% alcohol. 

Consumed: after boiling for with excess 3.6 

Computed: for neutralization 
Computed: for‘neutralization and: saponification 


Acidulation did not result recovery the initial lactonic acid. 


the silver salt, prepared precipitating lactonic acid solu- 
tion, neutralized with alkali the cold, with silver nitrate: 
Found 36.40. 


the silver salt, precipitating the lactonic acid 
solution, neutralized with alkali “after boiling, with silver nitrate: 

Found 53.20. 
53.18. 


acetyl chloride added drop drop with constant stirring; this results 
intense heating. Subsequent treatment the same Experiment This yields 
acetone and benzene). test sample mixed with the B-lactone benzalmalonic acid 
(Experiment exhibits depression. 


Titration: 0.0425 substance: 70% alcohol. 
Consumed: after boiling minutes with excess alkali..... 4.52 
Computed: for neutralization and saponification 4.42 


added the (or the primary mixed anhydride), prepared with 
malonic acid, and the whole gently heated until dissolution complete. The, 
viscous orange mass set aside stand overnight. Decantation with ether yields 
ture acetone and which exhibit depression when test 
sample with acid. ether solution treated with soda. The scda layer 


8.7 ml. 
1.8 ml. 
3.6 
ml. 
ml. 


acidulated with sulfuric acid and extracted with ether; the ether 
washed with water, and decolorized with activated charcoal; and the ether 
driven off. This yields thick oil that does not for along time. The 
158.5-159° after recrystallization from methanol. 


0.1854 substance: 

Consuned: after bolling for hour with excess alkali 


Computed: for neutralization saponification 


not recovery the initial lactonic acid. 


tion, neutralized the with nitrate: 


Found 


| 


the salt, prepared precipitating lactonic acid 
tion, after boiling with alkali, with silver nitrate: 


Found 


the lactoaic for (Dumas). 


constant stirring. Further the same described Experiment 
This yields 1.5 white crystalline substance with 84.85°. test 


sample mixed with tne B-Lactone acid prepared 
ent method exhibits 


0.1546 substance: 
Consumed: aftex boiling for hour with excess alkali ..... 16.78 
Computed: for neutralization and saponification 


Analysts the salt, prepared precipitation lactonic acid 
solution, neutralized the cold, with silver nitrate: 
Found 


the silver salt, prepared precipitation lactonic 
solution, neutralized aftcr boiling with alkali, with silver nitrate: 
Found 


and acetic complete dissolution. The solution set 
aside for three Gays, after which poured into water and extracted with ether 
The extract dessicated, and the ether driven off. This white 
crystalline substance with 166-168° (from mixture acetone and chloro- 


form). test mixed with the initial acid 
depression. 


one, and acetyl chloride added drop with constant stirring. Sub- 
sequent treatment the same Experiment This yields white crys- 
taline substance with 164-166° (from acetone-chloroform mixture), which 
exhibits depression when mixed test sample with the initial 
malonic acid. 


Endeavor lactonate acid. 12. silver benzalmalonate 
added absolute acetone, and of. acetyl chloride added with con- 
stant stirring. Subsequent the same Experiment This yields 
1.8 white crystalline with m.p. 193-194° (from 60% alcohol), 
which exhibits depression when mixed test sample with the initial 
acid. 


trated sulfuric acid are mixture 6.2 isopropylideneacetic acid 
and acetic anhydride, resulting complete dissolution, noticeable chill- 
ing, and the solution turning yellow. heated 60° for hours over water 
bath and then set aside for days. The excess acetic anhydride driven off 
vacuum. residue dissolved ether and extracted with soda solution. The 
ether solution washed with water and desiccated, and the driven off. The 


Saponification: substance: alkali used: 12.3 
Calculated: 12.1 ml. 
Found 65.52; 7.94. 


When treated with equeous aniline solution, yields anilide, white 
aciculer crystals with 127.5-128° (from alcohol). 


The soda solution.is acidulated with 10% sulfuric acid and extracted with 
ether, the extract washed with water and.desiccated, and the ether driven off. 
This yields 0.5 crystalline substance with am.p. 66-68° (from water), 
which depression when mixed test sample with the isopropyl- 
ideneacetic acid. 


acetyl chloride added drop drop with constant’ stirring. The 
subsequent treatment the same Experiment This yields white acic- 
ular crystals with 67.5-69° (fran water), which exhibit when 
mixed test sample with isopropylideneacetic acid. 


Research the the condensation reaction. 15. 6.4 neu- 
tral silver malonate added absolute acetone, and acetyl chlor- 
ide added drop drop with constant stirring. Subsequent treatment the 
experiment After the silver chloride removed, the filtrate separated 
into two parts: one part treated two hours leter, and the other the next day. The 
first part yields crystalline substance with 134-135° (from acetone- 
exhibits depressicn mixed test sample with malonic 
acid; the part yields acicular crystals with u.p. 95-96° (from acetone 
benzene), which exhibit depression when mixed test sample with tue B-lac- 


Titration: 0.0586 substance: 
Consumed: the cold 
Consumed: after boiling for hour with excess 


Cumputed: for neutralization and saponification ...... 


2.8 al. 
2.68 


16. 25.6 neutral silver malonate and absolute acetone are poured 
into flask connected tower containing and acetyl chloride 
drop drop with constant stirring. After the silver chloride has been re- 

ed, the filtrate sealed into ampoule and left stand overnight. Then 
the the ampoule are carefully poured into 200 absolute methanol 
few milliliters are left stand exposed the air). First, the excess acetone, 
methanol, and methyl acetate are driven off pressure and 55- Then 
20-30° and fractions are collected 15-mm vacuum. The first fraction boils 
90-100° standard pres sure, like acetic acid, and yields p-nitrobenzyl 
ester with m.p. 78° (from which exhibits depression when mixed 
test sample with p-nitrobenz acetate. The second fraction boils 179-182° 
standard pressure, and has which corresponds the data for di- 
methyl malonate. The Liquid left stand exposed the air after the ampoule was 
opened crystallized rapidly into long needies. M.p. test sample mixad 
with the B-lactone isopropylidenemalonic acid exhibits depression. 


17. The preceding experiment with 15.2 phenol the 
place the methanol. yields diphenyl malonate, with m.p. 
which exhibits depression wnen mixed with analytical test sample. 


18. €.4 neutral silver malonate added absolute acetone 
and treated with 3.1 acetyl (somewhat less than-theoretically required). 
The treatment the same Experiment The contents the ampoule 
are emptied into Claisen flask, and the excess acetone driven off slight 
vacuum temperature that does exceed 35-40°. Then the rasidue 
dryness and 40-45°. yields 0.5 colorless liquid with 
tive (no acetyl chloride present). with aqueous solution aniline 
yields white precipitate with test with acet- 
anilide exhibits depression. The residue left the flask brown 
needles that fuse 93- 94.5° after from benzene and 
exhibit depres ssion test sample mixed with the B-lactone isopropylidene- 
acid. 


SUMMARY 


has been established that only the neutral mixeg malonic-acetic an- 
hydride condenses with carbonyl compounds, forming acids. The acid 
mixed malonic-acetic anhydride does 


has been shown sulfuric acid, which the formation 
anhydrides, does not participate the ensuing condensation with 
carbonyl compounds. This has made possible make some modifications the 
synthesizing B-lactonic acids described the literature and evolve 
new method, consisting the reaction neutral silver malonate with acetyl 
the presence the compound. 


has been established that the initial stage the condensation 
the mixed malonic-acetic anhydride with acetone mixed anhydride 
acetic acids, which reacts intramolecularly, being transformed 
into the acid the acetic acid that formed. 
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[3] 


reports [1,2] considered detail the mechanism the forn- 
ation acids that are derivatives malonic acid. This research was 
done with acetone. Moreover, this reaction was also applied some 
carbonyl compounds, such as, benzaldehyde m-nitrobenzaldehyde, cyclo- 
hexanone etc. The very first experiments demonstrated, however, that not all 
aldehydes and ketones the same way the condensation conditions under in- 
vestigation. Whereas some them, such those listed give rise 
acids, others react with mixed malonic-acetic form acid esters 
malonic acid react all. This undertake study the relation- 
ship between the structure the initial carbonyl compound and its prod- 
uct with mixed malonic-acetic anhydride, This research proved that 
acids are formed the. following cases: 


aldehyde ketone group, as, diacetone alcohol), formed; 


When the. carbonyl compound highly susceptible autocondensation (al- 
dolization), resulting the formation hydroxyl group propionic 
aldehyde, for instance), malonates again being 


When the carbonyl compound exists the enol form when the condensation 
conditions favor enolization (as acetoacetic ester, mesityl oxide, pseudoionone, 
and eno] malonates being 


When the compound has marked tendency form diacetates 


Wagscheider and point qut concentrated acid catalyzes 
the formation diacetates. might have been expected that some instances 
would possible obtain the corresponding acid instead the aldehyde 
diacetate-in the Ott reaction the present author This has been 
confirmed for cinnbamic aldehyde. Lastly: 


When the compound under goes farreaching change the condensa- 
tion reaction (such complete occurs with furfural. 


Everything set above refers carbonyl compounds that contain some form 
other hydroxyl group. This does not mean that all other carbonyl compounds 
tend form acids. This involves the tie 
group. 

acids, which first stage the formation B-lactonic acids [2], must 


looked upon reaction the carbonyl wita the methylene component the 
mixed anhydride: 


459 


The highly the carbonyl group, i.e., the more prominent the resonance 
structure 


within it, the will for such reaction place, inasmuch 
this type structure facilitates the addition both the organic anion the 
methylene component and the hydrogen ion. 


Resonance structures this sort occur chiefly aliphatic and alicyclic 
ketones; this ease which acids are formed 
tions with scetone, cyclohexanone, menthone, etc. Whenever resonance structures 
which the pasitive charge not the carbon atom the carbonyl group are pres- 
ent large quantities, the greater the proportion these the harder 
‘ae group the carbonyl carbon hampered. for 


Cy 


not react with mixed malonic-acetic anhydride. 


and some its derivatives (m-nitro- and o-, m-, and 
lack the the atom the carbonyl group, the proportion 
these structures not very high, apparently, inasmuch compounds yield 
the corresponding acids when condensed with mixed malonic-acetic anhyd- 
ride. 


below some with various carbonyl compounds 


[1,2 


malonic id, described the literature and previous report [2]. 


ition). 


139-140°. 


Condensation with benzaldehyde, des detail the and 


Condensation with ortho, 


crystallizing oily substance, which the structure acid ester malonic 
acid: 


COOH 


has been attributed the basis its own titration data and that its semicarb- 
azone (m.p. 232-234°), well the determination nitrogen the latter. 


11. Condensation with acetaldehyde results the formation noncrys- 
tallizing oil that heated. substance has been given tne ‘struc- 
ture acid ester and malonic acid: 


the basis its data that its semicarbazone 152-154°), 
well the determination nitrogen the latter. 


12. Condensation with propionic aldehyde similar that with acetaldehyde, 
yielding ester and malonic acid (semicarbazone wita am.p. 


177-179° 


13. Condensation with acetoacetic ester yellow oily substance. The 
structure acid ester the enolic form acetoacetic ester and malonic acid 


(I): 


CHs \cHs 


the silver salt, and andlysis the ester 204°). 


14. Condensation vith oxide viscous with ac- 
rid odor, which decomposes when heated. The strugture acid ester the 
enolic form oxide and malonic acid (II) has been attributed this 
substance, analogy with the preparations described above, from the titration 
data and analysis the silver salt. 

tallizing, orange-colored oil with that which 
decomposes when heated. The structure acid: ‘ester the enolic form 
pseudoionone and malonic acid (III) has been the preceding 
case, the basis titration data and ‘the. the salt. 


yellowish- -orange oil, which when heated, even vacuum. The structure 

and the silver salt. 


and 


18. Citral undergoes prafound change, resulting the formation 
p-cymene, most which resinifies. 


19. Furfural resinifies completely, forming black resinous mass. 
and benzophenone remain unchanged. 


COOH CHO. 


conclusion, the author wishes express his deep appreciation the valu- 
able counsel and instructions given him Academician V.M.Rodionov and Prof. M.M. 
Shenyakin. 


EXPER 


prepared with acid (cf Report [1], Experiment 1), and 
the mixture set aside for hours. The dark brown reaction mass poured into 
water and extracted with the ether extract washed with water and desiccated 
and the ether driven off. The recrystallized from benzene-gasoline 
mixture, yielding 2.5 acicular crystals with m.p. 91.5-92°. 


Consumed: after boiling for minutes with 
Computed: for neutralization and saponification ... 


When solution the lactonic acid that has been thoroughly boiled with 
alkali acidulated, the initial lactonic acid recovered. 


prepared with malonic acid, and the mixture set aside for 
one day. The viscous brown mass then dissolved ether and treated with 
soda solution. unreacted menthone recovered from the ether layer. The 
soda acidulated with 10% and extracted with ether; the 
ether solution washed with water, dried, and decolorized with char- 
coal; and the ether driven off. The residue recrystallized from chloroforn, 
benzene, methanol. This yields 4.8 the B-lactone menthylmalonic acid 
white acicular crystals with 107.6-108° (with 


Titration: 0.0858 substance: 
Consumed: O.1N the cold 
Consumed: after boiling for hour with alkali ........ 
Computed: for neutralization and saponification ....... 


resulted precipitation the initial lactonic acid. 
Analysis the silver salt precipitated from the lactonic acid, 


the ‘cold with alkali, silver nitrate 
Found 31.21. 


Analysis the silver salt precipitated from solution the lactonic acid, 


neutralized boiling with alxali, silver nitrate: 
Found 47.90. 


Analysis the Acid: 
Found 65.25; 8.29. 


hyde poured “into "Ott with malonic acid, and then 
treated described Experiment Recrystallization from acetone-methanol 


1.46 ml. 
2.84 
2.83 

3.6 

7.2 

ml. 

7-15 ml. 


mixture yields 3.5 the hydrocinnamalmalonic acid white crystal- 
substance with m.p. 
Titration: 0.0510 


Consumed: after boiling for hour with alkali ............ 4.6 ml. 
204. Computed: for neutralization 
4.64 


Computed: for neutralization ........... 


The initial lactonic acid not recovered after acidulation. 
Analys sis the silver salt precipitated from solution the lactonic acid, 


neutralized with the cold, silver nitrate: 


the Lactonic Acid: 


Condensation with ortho chlorobenzaldehyde. o-chlorobenzaldehyde 
poured into prepared with 5.2 malonic acid, and then 


treated described above. This yields 1.5 the B-lactone 
malonic acid white crystalline substance with m.p. 123- (from chloro- 


form) 


Titration: 0.1135 substance: 


Consumed: after boiling for hour with alkali..... 10.12 ml. 

ml. 


Computed: for neutralization and saponification ... 10. 


The initial lactonic acid not recovered 


Analysis the silver salt precipitated from solution the acid, 


Analysis the Lactonic 


poured into "Ott with 5.2 malonic acid, and then 
treated dutlined above. This 1.1 the B-lactone p-chlorobenzalmal- 
onic acid white crystalline substance with m.p. 145- 155° (from alco- 
hol-acetone mixture). 


Consumed: after for hour with 4.45 
Computed: neutralization 4.48 


The initial lactonic acid not recovered acidulation. 


Analysis the salt: 


Found 32.07. 


treated set forth above. This yields 2.5 the B-lactone chlorobenzal- 
alcohol-benzene mixture). 


Titration: 0.0915 substance: 
Consumed: after boiling for hour with alkali ..... 
Computed: for neutralization 
Computed: for neutralization and saponification .... 


The initial lactonic not recovered after acidulation. 


Analysis the silver 


Analysis the acid: 


ist 


into the mixed prepared from malonic acid (cf Report 
.V, Experiment [1], and then treated set forth above. This yields 
the acid ester diacetone alcohol and acid, water- 
soluble oil with sharp odor. 


Titration: 1670 substance: 
Consumed: after for hours with alkali ... 
Computed: for neutralization ....... 
Computed: for saponification ... 


Titration the semicarbazone: 0.1320 substance: 

Consumed: tae cold 

Consumed: after boiling for hours with alkali ... 
Computed: for neutralization 

Computed: for neutralization and saponification 


Found 16.32. 


Condensation with acetaldehyde. paraldehyde poured into the 
“primary mixed prepared with malonic acid, and tnen treated 
set forth above. This yields 4.5 the acid ester acetaldol and 
acid mobile which titrated with alkali the forms silver 
mirror and semicarbazone with (from alcohol): 


Titration: 0.1928 substance: 
Consumed: NaQH the 


Consumed: after ror hours with 
Computed: for neutralization 


4.10 ml. 
8.15 ml. 
ml. 
8.08 ml. 
8.36 
16.45 
8.26 
16.52 
5.20 nil. 
10.35 ml. 
10.18 
22.2 ml. 
11.1 ml. 


Titration the semicarbazone: 0.0210 substance: 
Consumed: after boiling for hours with alkali 
Computed: for neutralization ml. 


Found Camputec 


chloride with neutral silver malonate the 

poured into the mixed prepared with acid, and 
then treated set forth above. the ‘of propaldol 
and malonic acid, yellow-orange oil that and semi- 
carbazone with 177-179° (from 


&fter boiling for 2-hours with 12.08 ml. 
Computed: for ml. 


Computed: for neutralization and saponification 


Titration the semicarbazone: substance: 
Consumed: after boiling for hours with alkali 
Computed: for neutralization 
Computed: neutralization and saponification 

10; Condensation with acetoacetic ester. acetoacetic ester 
set forth above. This yields the acid ester the enolic form 
acetoacetic ester and malonic acid, yellow oil. 


Titration: 0.1338 substance: 
Consumed: after boiling for hours with alkali 18.40 
Computed: neutralization and saponification 


Found 5.76, 5.70. 


reagent," prepared with acid, and then treated set 
forth above. This yields the acid ester the enolic form mesityl oxide 
and malonic acid, noncrystallizing, yellow-orange 


substance: 
O.1N NaOH the 
Consumed: after boiling for hours with alkali 
Computed: for neutralization and saponification 


Analysis the silver salt: 
Found 36.83. 


The reaction with the "primary mixed anhydride" and when acetyl chloride 
reacted with neutral sjlver malonate the presence mesityl oxide similar. 


. 


12. Condensation with pseudoionone. pseudoionone poured into 
"Ott reagent, with acid, ana then treated set forth 
above. This yields the ester the enolic pseudoionone and 
malonic acid, noncrystallizing orange oil. 


Titration: 0.1616 substance: 
Consumed: after boiling for hour with alkali 11.75 ml. 
Computed: for neutrallzation and saponification 


Analysis the silver salt: 
Found 27.95. 


The reaction the mixed and when acetyl 
reacted with neutral silver malonate the presence pseudoionone similar. 


set forth above. This acid ester the enolic form benzal- 


and acid, zing, yellow-orange oil. 


0.0498 substance: 
Consumed: after boiling for hour with alkali ......... 
Computed: for neutralization 
Computed: for neutralization and saponification ........ 


Analysis the silver 
Found 


14. Condensation with Chloral. chloral poured into "Ott re- 
prepared with and then set aside for hours. 
then into water. The oil that separates out heavier than water; 
extracted with ether, and the ether solution washed with water and desic- 
cated, after which the ether driven off, and the residue vacuum. 
This yields chloral diacetate, colorless with b.p. 111.5-112.5° 


0.1019 substance: 
Consumed: after boiling for minutes with excess 


acetyl chloride added drop drop with constant stirring. The precipitate 
filtered out, and the filtrate set aside for day. then poured into 
water, and the heavy oil that separates out extracted with ether. The ether ex- 
tract washed with water and desiccated, and, after ether has been driven off, 


SUMAARY 


The condensation neutral mixed malonic-acetic with number 
carbonyl compounds has been studied, has been.found that: 


Whenever the carbonyl compound contains hydroxyl group addition 
the carbonyl whenever the former group formed result the enol- 
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2.37 


ization aldolization the carbonyl compound, malonates are formed instead 
lactonic acids. 


structure with local resonance the carbonyl group, B-lactonic acids will pre- 
dominantly formed, inasmuch such structures favor the addition both the organic 
anion the component and the hydrogen ion. 


Whenever there are large numbers resonance structures which the 
positive charge not the carbon stom the carbonyl group, condensation 
takes place all. 
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THE ACTIVITY ALUMINUM PREPARED 


METHOD 


‘UPON THE REACFION 


and HC] Gas the Synthes sis Aromatic Hydrocarbons," substituted 
aluminun shavings and HCl gas for powdered aluminum chloride, which 
hygroscopic, the ethylbenzene, diphenylmethane, and other substan- 
ces. His preliminary results demonstrated that such aluminum chloride 
active catalyst for the synthesis aromatic hydrocarbons. Notwithstanding the 
fact that with the are simpler, more convenient, 
has been neglected the present time. 


Year year the list syntheses well types reactions that 
have been given Kraenzlein [5], and Ellis, and the art- 
icle Egloff [4] and tie monograph 


began our research the activity the prepsred the Radsiwan- 
owsky method synthesizing ethylbenzene. studied the effect several fact- 
ors, such as: differences the amount shavings, tieir purity, the 
length treatment the mixture (benzene wita HCl gas, and the 
time intervening until the reaction products are water. felt 
that such detailed the various factors was advisable 
obtain picture how the process takes place and ascertain the optimum 
conditions for the production ethylbenzene. Comparison the results obtained 
under various process conditions enabled draw several inferences that are 
not contained Radsiwanowski's 


found that benzene readily condensed with ethyl bromide when 
shavings (based the benzene used the reaction) are added instead equi- 
molecular quantities the chioride, The yield ethylbenzene 
74% when the reaction carried out Condensation with 
the following general equation: 
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the products, and cleavage reactions. This results the production couplex 
mixture ethylated benzenes, ranging from monoethylbenzene tetraethylbenzene, 
inclusive. The reaction mixture contains 72-73% ethylbenzene, 16-18% 1,3-di- 
ethylbenzene and very minute quantity 1,4-diethylbenzene, 6-10% 
triethylbenzene, and 1,2,4,5- tetraethylbenzene. The yields re- 
action end products were computed the basis the ethyl bromide placed the 
reaction. The preponderance 1,3-diethylbenzene the mixture 1,3- and 
diethylbenzenes and 1,3,5-triethylbenzene can explained the basis the 
theory proposed Price and the hypothesis advanced Anschutz 
agreement with and Kenner [9]. 


determine the optimum conditions for the synthesis ethylbenzene with 
Friedel Crafts reaction investigated: the effect the quantity 
shavings; the rate formation from shavings and HCl gas, 
i.e., the time required for treating the "benzene shavings" mixture with the- 
gas; the time the reagents are contact, i.e., the time elapsing until the 
reaction mixture decomposed with water; and the purity the shavings. 


series tests made with varying quantities shavings (ranging fron 
10%, terms the benzene placed the reaction) showed that the quantity 
the catalyst affects the course and depth the condensation. Comparison 
the results obtained under otherwise identical conditions (Table showed that 
the maximum yield ethylbenzene was obtained with shavings added the 
benzene. rise the percentage shavings diminishes the 
and promotes more thoroughgoing 


shavings 


Ditto was driven off, 
the amount 
benzerie placed 
reaction. 


all tests 


Investigation the rate which formed from shavings and 
HCl gas (Table showed that hours suffice for treating the mixture benz- 
ene and shavings with HCl gas, all other conditions remaining the same (adding 
shavings and temperature 10-12°). Any further treatment the 
with HCl gas increases the quantity products. 


The results series tests run ascertain the effect the time the 
reagents are contact upon the ethylbenzene yield indicated that the 
time elapsing until the reaction mixture decomposed with water must least 
hours. 


stated the literature that activated aluminun must used 
preparation chloride whenever Radsiwanowski aluminum chloride used 
reaction. The best method activation calcining the 
shavings 300° for 30. 


Our results showed that the preliminary activation the shavings has absolut- 
ely effect upon the process preparing the our subsequent 


‘ 
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research therefore employed ordinary unactivated shavings. 


EXPERIMENTAL 


All tests were made standard apparatus, consisting 500-ml round- 
bottomed flask fitted with ground-in reflux condenser and tube (likewise ground- 
in) reaching the bottom the flask for passing the HCl gas through. The flask 
was filled with 200 pure anhydrous benzene, and aluminum shavings 
and current anhydrous HCl gas was through until the aluminum shavings 
were coated with brown fila. Then 100 freshly distilled ethyl bromide was 
addec drop drop, the flask being chilled ice. 


After the violent evolution HBr gas had ended, mixture was set aside 


TABLE 


Effect the Time During Which the Reaction Mixture Treated with HCl 


shavings, |treatment with yield, benzene, 


2.0 


9:00 
12:00 
15:00 


TABLE 


Effect the Time During which tne Reagents Are Contact Upon 
the Yield 


shavings, treatwent with between re- benzene 


stand temperature for hours and then heated with reflux condenser 
the boiling point benzene over water bath for hours. Upon cooling, the reac- 
tion were with water, saponified, desiccated over and 
then cis tilled twice into herringbone The following fractions were 


drops tests, 4O% 
pereentage yields.are the amount ethyl placed reaction. 


addition the about 40% benzene (based the 
itial quantity placed reaction) was driven off. 


106.08. 


and 85), and the mixturé was gradually heated 135°. The 


Fraction 


Computed: 


and (the nitrating mixture was poured into the hydrocarbon) yielded 

crystalline product that exhibited 63° after recrystallization from. 

winkel 


was possible 182- fraction was mixture para and 

diethylbenzenes. The mixture was separated the Voswinkel method This 

dissolving the 182-184* fraction slightly fuming acid. 
few pieces ice were cautiously added, and the liquid sulfo acids were separated 
out and then saturated with barium The resulting and 
diethylbenzosulfonates were recrystallized from The precipitate was separ- 
ated from the mother liquor. The salt 1,3-diethylbenzosulfonic acid hardly 
soluble the salt 1,4-diethylbenzosulfonic acid very highly sol- 
uble. Evaporation tne mother liquor yielded very small quantity (5-7% the 


The précipitate the salt 1,3- acid. view 
the fact that the fraction mostly mixture 
the and diethylbenzene isomers was not separated later operations. 


III. 


160.0. 


The fraction corresponda this was proved 
mixture yielded yellow crystalline substance. Recrystallization from dilute 
ethanol yielded crystals with m.p. 108°, i.e, substance that corresponded 


according Gatterman [12] 
Fraction 


0.3208 substance: 19.80 benzene: 0.43°. 
Found: 191.2. 


Tne 250-255° fraction was not analyzec eny further, inasmuch the quantity 
product recovered was. extremely small. Nor*was the tarry residue analyzed. 
SUMMARY 


chloride prepared the method active catalyst 
the Friecel-Crafts synthesis ethylbenzene. 


The catalytic action upon benzene and ethyl brom- 
ide side reactions: condensation, dissociation, and 
isomerization. reactions often overlap, resulting complex mixture 
the reaction enc procucts. 


Transfer the accompanied the formation di-, tri-, 
and 
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The present paper discusses the results condensing benzene with unsat- 
urated alkyl halides, and polyhalides over prepared the Radsi- 
wanowski method. investigated the following alkyl end alkene halides: 
chloro- (isobutylene bromide); 
allyl 1,2,3-tribronopropane; 2-methyl-1,2,3- 


Some the condensations were effected with ordinary AlCls, 
has been described the the condensation betizene with 2-methyl- 
3-chloropropene-1, and 
propane been effected for the first time. None the above-mentioned reactions 
had ever been out with 


The condensations discussed here were under various conditions with 
(varying proportions benzene and halogen derivatives, varying reaction 
different percentages Al, and varying reaction times). The re- 
action dichloroetnane with benzene tue presence chloride was 
investigated Silva [5] 1879. The principal reaction product was 1,2-diphen- 
plus 


Interest nas been reawakened this reactim recently. Mention should 
made this point the the Russian scientists Klebansky [1] and 
Korshak have this reaction the presence have 
found the whole, the process the same that ordinary 
worthy uote that when 1,2-dichloroethane with 
benzene, also recovered minute quantity apparently 


Bodroux explored the condensation 2-methyl-1,2-dibromopropane with 


tion. 


| 
| 


benzene the presence ordinary AlCla, finding the principal reaction product 
Some butylbenzene was also recovered 

product, with minute amount some crystalline substance, 
which the author was unable isolate. 


performed this condensation the presence recovering the 
same end products Bodrovx. The crystalline substance proved 1,2-dimethyl- 
-1,2-diphenylethane, i.e., isomer the principal reaction product. 


The isomerization symmetrical 1,2- 
dimethyl-1,2-diphenylethsne was proved experimentally: current anhydrous 
HCl gas was passed through benzene 1,1-dimethyl-1,2-diphenylethane 
with for several hours. 50% 1,2-dimethyl-1,2-diphenylethane was 
found the end product. Thus what happens here the group 
from one carbon atom its neighbor. This paralleled cracking, giving rise 
isobutylbenzene: 


The yields obtained with are 
those with “ordinary chloride. 


with benzene. This yielded: crystalline 1,2-dimethyl-1,2-diphenylethane; liquid 
and the nature the latter was 
bromination the method [9]. The the initial 
product with benzene may depicted occurring 


The condensatign allyl chloride benzene the presence 
proved similar process. Konovalov and Dobrovolsky [3] effected this con- 
densation with ordinary alumihum chloride, finding that mixture diphenylpropanes 


resulted. Under conditions, ‘using the following were recovered: 


propylbenzene and oil with intense lilac The 
reaction follows: 


the trihalogen derivatives, was chosen for conden- 
sation with benzene. This condensation was effected 1885 Claus and Merklin 
ordinary aluminum chloride. They recovered some 


(as that above 340° with decomposition), and 
the principal product, Abové got about 10% 
triphenylpropane being found. 


then tested the condensation 2-methyl-1,2,3-tribromopropane 
-and with benzerle. The two reactions were sim- 
the same the preceding cases, triphenylpropane 
product was found, only two recovered, one liquid and one crystal- 
line: and 1,2-dimethyl-1,2-diphenylethane. There 
was more the solid product than the liquid isomer. Thus, the foregoing con- 
may the following diagram: 


CH3 


The derivative used for condensation with benzene was 1,1,2,2- 
tetrachloroethane. know from the literature that formed 
condensation [8], 


condenses with dfficulty with benzene room 
the presence only negligible quantity anthracene being recovered. 
ethane formed: 


Thus, either the tetraphenyl derivative destructively hydro- 
which then condensed with benzene. 


were unable. effect the benzene with tetrachloroethylene 
the presence matter what experimental conditions were used. Ac- 
cording Mouneyrat this condensation 70° the presence 
aluminum chloride results the formation some anthracene. 


Generalizing thése results, may draw the following the 
whole, condensation with the same condensation with ordinary aluminum 
chloride; the yields the corresponding phenylated derivatives drops appre- 
Ciably the number helogen atoms the respective halogen derivatives 
increased; the number atoms the molecule the deriva- 
tive remains the came, the Yield phenylated products rises somewhat when methyl 
side group present; has been found that, rule, the condensation 
tri- and derivatives with benzene accompanied cracking and only 
the and derivatives, are synthesized the présence 
the condensaticns with isomerizations; unsaturated monohalogen deriv- 
atives also yield diphenylated products the result the addition the 

double bond; and the halogen atoms practically not react the double bond 
(in the presence 


EXPERIMENTAL 


The method condensing halogen with benzene the presence 
the same the previous report, and shall therefore 
omit here. 


Condensation With benzene. Four series tests 
were made determine how factors affected the condensation. 
the first series the effect the amount catalyst 
the yield reaction optimum figure was found (yield: 


25.2% 1,2-diphenylethane and 10. tar). Raising the percentage catalyst 
the yield though the percentage tar continues 


rise. For example, 12% the yield diphenylethane only 17.3%, but that 
the tar 39.1%. The next investigated tne effect the reagert proportions 
upon the reaction. was found that the diphenylethane yield rises the percent- 
age benzene increased, the tar yields decreasing accordingly. When thé chlor- 
ide:benzene ratio for instance, the yield diphenylethane mtre than 
and that the tar but when the ratio changed 8:1, the diphenyl- 
ethane rises while the tar percentage drops 2.9%. Within the 
temperature has appreciable effect the diphenylethane 
merely increasing the percentage tar The time the condensate 
kept before decomposing with water has marked effect. 


for hours gives diphenylethane yield and tar yield 


Keeping for hours gives diphenylethane yield 25. tar 
yield 


Keeping for hours gives diphenylethane yield and. tar 
yield 14%. 


with water, any longer storage merely promotes the formation tar. The residue 
recovered after the benzene was driven off was distilled, the diphenylethane frac- 
tion (265-290°) being recovered from it. After purification and recrystallization 
from alcohol, the dipherylethane fused 51.5-52° and had (the cal- 
culated molecular weight 182.2). 


Found 91.92, 91.96; 7.71, 7.83. 


Further fractional distillation the 260-290° fraction yielded Liquid 


Its constants were 


Found 92.05, 91.95; 7.85, 87. 


The results our condensation with benzene were 
practically the same when dichloroethane was uced, and therefore shall dis- 
pense with the details here. 
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Condensation isobutylene bromide with benzene. Tnis condensation was 
performed under the following conditions: bromide:benzene ratio (based 
the benzene); room temperature; and storage for hours. After with 
water and desiccation the with benzene was driven off, and 
the residue was separated into the following fractions 


Fraction III (260-293°): 28.82 

solid cake residue remained the flask. 


Fraction the initial dibromide with traces the products 
and benzene; exhibits clear halogen reaction. Fraction proved mix- 
ture isobutyl- and tert.-butylbenzenes, with the general formula 
Bromination the product direct sunlight, the Schramm method [9], enabled 
show that the mixture contained 89% the tertiary isomer, produced the iso- 
merization the 


Cryoscopic determination the molecular weight benzene yielded two fig- 
ures: 135.3 and 132.7 (the calculated value for 134.1). 


0.8680; 1.49166; 44.81. 
Computed: MRp 44.78. 


Repeated fractionation Fraction III yielded oil with b.p. 
which proved tne principal reection 
Bodroux 


91.04, 91.15; 8.74, 8.79. 


etical. The results the tests were not affected significantly changes the 
experimental found that Fraction III contained negligible 
quantity analysis means repeated tests. was found that the 
yields could raised from 0.1-0.2 effecting condensation 
temperature The substance was recrystallized from alcohol and had 


These figures indicate that the crystalline product 
the liquid 1,1-dimethyl-1,2- 


establish its structure, the crystalline substance was oxidized 
proposed Lepin This yielaed acetophenone, which was identified its 
semicarbazone, with m.p. 199-200°, and can therefore that the substance 


1061 substance: 22.1 (18°, 752 


ethane was dissolved 100 benzene with catalyst 
Al. The mixture was allowed stend for hours 15-18°. After the 
ene had been driven off, the condensate was vacuum: 


butylbenzene. 


Some crystals with were deposited the walls the receivers 
and IIT. When ammersed ice-salt mixture, Fraction was con- 
nto crystals, but the other fractions underwent change. 


substance: 19.6 (16°, 750 ma). 
0.07S2 substance: 16.3 (17°, 749 mn). 


This exper iment: confirmed our hypothesis that the asymmetrical had 


The substance récovered from Fraction had 


ethane. 

Closer indicated that Fraction was isobutylbenzene (result 
cracking). Fraction was initidl substance. Isomerization was 
These results bear out Bodroux's the existence two 
isomeric dimethyldiphenylethanes. 


was performed under the conditions: ratio the chlorine deriv- 
ative the benzene was 1:4 (32 100 g); room temperature; (based the 
benzene); and storage for hours. The condensate recovered after the benzene had 
been driven off was fractionated follows: 


Fraction (260-290°): 10.0 cloudy yellow oil 


was recovered from Fraction that exhibited 80% tert.- 
when brominated the Schramm method Upon standing, 
line layer separated out from Fraction II. The crystals had 125° after 


for Fr: 
Lepin 
450 


mixed with About the crystals was recovered 
The part this fraction consisted 
0.1308 substance: 6.4386 0.1030 Had. 


Found 91.10, 91. 8.79, 8.81. 


Condensation allyl with benzene. The conditions for this con- 
densation were similar those employed the condensations. Fracticn- 
ation the condensate after the benzene had been driven off yielded the 
fractions: 


0981 


Fraction 1.9 colorless liquid; 

Fraction (266-290°): 14.8 liquid with lilac fluorescence; 

Fraction (above 300°): 19.6 thick, dark-brown tar. 


Found 89.60, 89.69; 10.23, 10.08. 


Repeated Fraction yielded liquid that boiled 
281° and exhibited-the fluorescence diphenylpropane. did not 
investigate the structure the product greeter 


Computed: MR, 64.26; 196. 
Found 91.56, 91.51; 8.38, 8.2 


Condensation 1,2,3- with benzene. The condensation 
benzene); room temperature; and storage for hours. Asa result some 10% di- 
WAS from the none the expected 
pane was found. The recovered was colorless liquid with b.p. 
1.0202; MRp 63:72; 192. 


91.46, 91.58; 8.31, 8.35. 


1:6, the other conditions being: room temperature, Al, and storage for hours. 


After water and off the the conden- 
sate vacuum mm) 


11.4 (12. the condensate) thick, dark tar remained the 
Fraction proved unreacted initial Fraction II, ‘after stand- 
ing overnight, yielded crystals (65% the fraction), which exhibited 
125° after from alcohol and caused depres sion when mixed with 
1,2-dimethyl-1,2- diphenylethane. 


Found 91.26, 91.15; 8.69, 8.75. 


The con- 
ditions used for this condensation were used 
obtained 108-111° fraction, which yielded crystals after standing 
for hours; these crystals proved they 
depression when mixed with the latter. 


Condensation, 1,1,2,2-tetrachloroethane with benzene. reagents were 
used chloride-benzene ratio. The condensation was performed 20° for 
hours. After the benzene and the unreacted original chloride had been driven off, 
small quantity condensate was recovered. From the latter recovered 0.5 
crystalline substance with 208-209.5°. The molecular weight was found 
176 cryoscopically benzene (mol. wt. anthracene 178). 


When the reaction carried out 70-75° with (based the weight 
benzene), the condensation proceeds differently. The products 
crystalline substance with m.p. 51.5°, which exhibited when mixed 
with 1,2-diphenylethane. 


Condensation tetrachloroethylene with benzene. The were used 
1:6 ratio; the condensations were effected with 2,4,6,8, and 10% 
temperatures ranging from 70°. condensation took place any 
these conditions, inasmuch the substances were recovered 
the condensate. 


SUMMARY 


the processes cleavage and isomerization condensation reactions. 


has been found that increase the number halogen atoms the 
halogen derivative reduces the latter's ability enter into condensations; this 
borne out the diminution the yields mono- and diphenyl and the 
absence higher polyphenyl derivatives the end products reactions effected 
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DERIVATIVES AND ALCOHOLS WITH 
UNDER PRESSURE 


‘Laboratory Organic Chemtstry, State University 


the first paper ceries [1] was noted the 
190°), the reactions were carried cut grad- 
upon the course WAS establisned. 


which enabled attain the temperatures required for any components. 
lias been notea some old research papers describe the alkylation 
benzene wit: ZnClo present tubes low yield. 
alkyl benzenes were 


Only few papers veen use ZnClo for alkylation 
was wace the reacticns allyl with benzene 
chloride with and reactiun takes place 
tetralin. The authors the superiority over yields 

from and isobutylene, and also syntuesized 
butyl chloride. 


made study the condensations chloride with benzene, 
toluene, and phenol; also carried some experiments with 
and bromide. 


reactions were carried out steel bomb with approx- 
imate capacity 100 ml, quantities (0.5-0.82 mol) 
bégin with, but subsequently found that per mol the alkyl 
halide was adequate, which agreed with our findings for acylation reactions 
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obtained approximately 80% the theoretical yields the monoalkyl derivatives 
our experiments with n-butyl chloride and chloride; the yields with 
naphthalene were somewhat (60-70%). Our condensations with ethyl bromide pro- 
duced only the theoretical yields the monoalkyl derivatives, together 
with many products. 


ascertain the role these reactions, made several tests 
lower temperatures (100-150°) ordinary glass apparatus, without 
every case the yields alkyl derivatives were very this led conclude 
that the mechanism condensation with ZnClo differs from that with Appar- 
ently, high temperatures are required for the formation active intermediate com- 
pounds (possibly olefins). effect condensation heating n-butyl 
chloride with toluene 260° bomb without adding any failed yield 
even trace alkyl benzenes. The catalytic role high 
and pressure therefore obvious 


then studied the condensation n-butyl, and ethyl elcohols 
with benzene and toluene pressure. These experiments were carried out 
heating the alcohol, saturated with hydrogen chloride, together with 
benzene (or toluene) and When ethyl alcohol temperature 
imately required for the reaction proceed; the ethylbenzene 
are low, and many polyalkyl benzenes are formed. With the two other alcohols the 
condensations take place readily 220-230°, and the yields monoalkyl benzenes 
(75-80% the theoretical) are higher than the same reactions without pressure 
(50-70%) these experiments also found that the amount ZnClo used 
could extremely small: mol and even 0.02 mol per mol for instance, 
produce approximately 75% the theoretical yield butyl toluene. Our efforts 
effect condensation without adding any all, heating mixture the 
alcohol saturated with and toluene 250° for time yielded 
results. 


should noted that condensations n-butyl alcohol with toluene 
the presence yield poor results owing cleavage the alcohol [9]. 
Analysis tue condensation products benzene with n-butyl alcohol and n-butyl 
chloride their acetamino derivatives [10] showed that secondary 
butylbenzene was formed; this isomerization the radical bears out the hypothesis 
that olefins are formed intermediate products these. condensations. 


EXPERIMENTAL 


acidproof steel bomb, encased iron housing with pocket for 
thermometer, was heated with Bunsen burner. The reaction lasted 8-12 hours. The 
reaction mixture was decomposed acidulated water and then distilled with steam. 
The hydrocarbon mixture recovered was desiccated and fractionated. 


this reaction used freshly with HCl the spent 
easily 


and The mixture was heated 225- for hours. This 


Fractionation the crude butylbenzene yielded with 
b.p. 171-173° (722 


1.4920; 45.59; computed MRp 45.70. 


. 
‘ 

: . 

- 
. 

. 


The acetamino derivative had m.p. the other fractions the 
crude butylbenzene yielded derivative test sample mixed 
with some acetamino derivative prepared T.E. Zalesskaya that had 
exhibited depression the melting point. 


and (0.015 The mixture was heated 230- for hours. This 
yielded: 3.5 (64% theoretical) amylbenzene and 1.2 polyalkyl benz- 


and 1.5 mol) mixture was heated 210-220° for hours. This 


Sec. toluene mixture isomers}: B.p. (723 


This yielded: the theoretical) butylnaphtnalene and 2.2 (9% 
the theoretical) dibutylnaphthalene. 


(undetermined structure): b.p. (722 mn); 156-160° 


B.p. 170-180° (15 mm); 1.5807; 0.9682. 


After decomposition with acidulated water, the mixture was extracted with 
ether; the ether extract was repeatedly treated with extract the phenols. 
solution was acidulated and extracted with ether. 


crude yielded two isomers. 


B.p. 230-235° (720 0.9890; 1.5178. 


(0.05 mol) The mixture was heated 230-240° for hours. This 
3.7 the theoretical) ethyltoluenes (b.p. 156-165°; 1.4980) 
and polyalkyl benzenes (b.p. 


Benze 


(added 3.5 g). The mixture was heated for hours. 
235- 240°), 


Sec. B.p. (722 mm); 0.8620; acetamino 
derivative: m.p. 


urated with HCl; added weight 3.5 and 13.6 (0.1 
(74% the theoretical) (b.p. 195°; 0.8625; 1.4908); 


Similar condensations were carried out 3.4 (0.025 mol) and 1.5 
the theoretical) and 7.5 (51% the theoretical). 


ated with HCl; and The mixture was heated 330-340° for 
This 3.4 (36% the thepretical) ethylbenzene and 
benzenes (b.p. 150- 


The same results were heating mixture 280-290° with 13.6 


saturated with and 6.6 mol) ZnClo. The mixture was heated 
210-220° for This yielded: (75% the theoretical) isopropyl- 
benzene and 2.5 (15% the theoretical) 


B.p. 150-153° (720 mm); 438 0.8751; 1.4895. 
0.1200 substance: 0.3920 0.1104 H20. 


SUMMARY 


has been shown that aromatic compounds can alkylated alkyl 
halides presence ZnClo when the reaction carried out under pressure 


study has been made the alkylation aromatic compounds alco- 
hols saturated with HCl, the presence and under pressure. has been 
shown that under these conditions the yields alkyl derivatives are higher than 
these reactions are carried out not under pressure. 


has been established that the temperature high enough, the am- 
ount required for the reaction may low 0.1-0.2 mol per mol 
the alkylating 
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from aromatic amines ethylene glycol’ well partici- 
pate the condensation [2]. 


Desiring apply this method other alpha glycols, have used 
present paper for the synthesis quinolines, substituting propylene gly- 
col for the ethylene glycol. In-accordance with the previously elaborated mechanism 
for syntheses with ethylene glycol consider the principal condensation re- 
actions the formation propylidene derivatives aryl amines, the formation 
arid Eckstein bases from the latter, and their subsequent transformations. 


aniline, say, the following diagram may held apply: 


When acetone present: 


should noted that syntheses with acetone present the product yields 
higher than was found ethylene glycol was used. This apparently 
due the fact that cyclization easier accomplish when acetone present. 
and the higher product yields enable observe this pattern 
behavior, which cannot noticed with ethylene glycol owing the 
greater extent tarring. This behavior pattern striking reactions 
diamines, shall illustrate our next report. The alkylated 
synthesized for the first time may employed the preparation cyanin 


quinophthalone dyes and may also serve standards analyzing the quinoline bases 
tar and petroleun. 


The glycol was from the latter with 
powdered caustic soda, contains various when prepared 
this method: such lactic, propionic, oxalic, and formic acids, propyl and allyl 
alcohols, was redistilled twice, freshly distilled with 
ab.p. being used for synthesis. 


The initial experiments vere made with aniline, para and ortho toluidine, 
and propylene glycol sulfuric acid, the Skraup reaction, using nitrobenzene 
and para and ortho nitrotoluenes oxidants. The the 
homologs quinoline were effected the syntheses with ethylene 
The following products were synthesized, depending upon the amine used: 10.3 
11.9 para toluidine fielded 7.7 3,6-dimethyl-2-ethylquinoline, 38% 
the and 11.9 ortho toluidine yielded 6.18 3,8-dimethyl- 
-2-ethylquinoline, 30.5% the theoretical, based the quantity amine 
used. The constants the synthesized products and their picrates agreed with 
those previously described the literature and synthesized the Deebner and 
Miller method from aniline [6], para and ortho toluidines [7], and propionic alde- 
hyde. The yields quinoline derivatives were higher than these instances 
in, for example, another synthesis from 
anthranilic and propionic aldehyde [8]. 


When acetone present, the condensation effected like the syntheses 
alkylated quinolines from aromatic amines, ethylene glycol, and acetone [2]. 
‘We describe one these below. 


liter bottomed flask, the whole was stirred, and strong 


acid was added. After careful stirring, the flask was connected reflux conden- 
ser through which acetone was added drop drop, while the mixture 
gently heated over oil bath. 


The mixture was then heated gentle boil (this took place 
first for hours, after which the water was driven off for hours, passing over 
together with the unreacted acetone and some the nitrobenzene, the total amount 
being 15-18 ml. After the water had been driven out the flask, acetone 
was added the mixture was heated for another hours. The mixture was then 
cooled room temperature and diluted with water, and the unreacted nitrobenzene 
was driven off with steam. The residue was: alkalinized with 40% solution 
sodium hydroxide, and tue bases were driven off with steam. The distillate was 


strong sulfuric acid until all the sulfates the bases 


had dissolved, cooled room temperature and diazotized eliminate the aniline 
ture was heated over water bath until more nitrogen was evolved and again 
acidulated; the quinoline base was then driven off with steam. The distillate was 
with ether and desiccated with potash, the ether was driven off, and the 
was distilled from Wurtz flask. The yield 
uct with b.p. 270-275° was 9.6 50.1% the theoretical. 


light-yellow oily liquid with the character- 
istic odor quinoline base, resembling that readily soluble 
ether, benzene, chloroform, and acetone. Its refractive index 
1.5941 and its density 1.027. The picrate, precipitated from alcoholic 
solution the base saturated alcoholic solution picric acid, finely 
crystalline yellow powder with 159°. 


When solution platinic chloride hydrochloric acid added 
hydrochloric solution the base, double salt precipitates out. crystallizes 
from boiling dilute hydrochloric acid fine dark-yellow crystals. For analysis, 
the salt was successively washed with water, alcohol, and ether. M.p. 219°. 
contains water crystallization. 


0.2679 substance: 0.0687 Pt. 
Found 


Tne double salt with palladium chloride 
from hydrochloric solution, finely crystalline brick-red powder with m.p. 


quinophthalone bese brown pdwder that does not melt 360°. 
When sulfurated with oleum and isolated, usual, sodium salts sulfo 
acids, brown that readily soluble water, giving the latter 
yellow tint. dyes wool and silk light-brown. 


was synthesized, like from para tolvidine, propylene 
glycol, and acetone sulfuric acid, using para nitrotoluene oxidant. 11.9 
para toluidine yielded 8.7 product with b.p. 285-290°, 42.3% 
the theoretical yield. light-yellow, oily liquid with odor close that 
quinaldine, which dissolves easily organic solvents. Its refractive index 

1.5889 and its density 1.0236. The picrate, precipitated from alcoholic 


193°. 
0.1000 12.4 (20°, 752 mn). 
Found 13.83. 
The double salt with platinic chloride yellow water 
substance: 0.0556 Pt. 


Found 24.79. 
Computed 25.02. 


olution, has 


Synthesis This synthesis was performed 
ith ortho ne, propylene glycol, and acetone, ortho nitrotcluene being employ- 
lof 275-280°, the theoretical. light-yellow, oily liquid with char- 
acteristic odor, which soluble organic solvents. Its refractive index 
1.5849 and its density 1.0011. The picrate, precipitated from alcoholic 
0.115 substance: 13.7 (23°, 762 mm). 
Found 13.77. 
Tne double salt with platinic chloride dark yellow and contains water 
M.p. 217°. 
0.3280 substance: 0.0820 Pt. 
Found 25.0. 


The student T.P.Ilyina took part this research. 


SUMMARY 


3,6-dimethyl-2-ethylquinoline, and 3,8-di- 
have been synthesized from aniline, ortho and para toluidine, 
Band 1,2-propylene glycol sulfuric acid, Skraup reaction, with better yields 
than are attuinable the well-known method, using aromatic amines 
and propionic aldehyde. 

not previously described the literature, have been synthesized 
from aniline, ortho and para toluidine, 1,2-propylene glycol, and acetone sulf- 
uric acid, with higher yields than syntheses which acetone present. 


The synthesis alkylated quinolines from aromatic amines and ethylene 
well with ketones taking part, has been applied propylene glycol 
end apparently general reaction, i.e, applicable other primary-second- 
ary 
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Little research has been done the reaction aldehydes 
with secondary aromatic amines: that piace 
ordinary conditions; Rudchenko came with respect di- 
phenylamine, for example, his research the reaction furylacrolein with 
various amines 


who was the first synthesize diphenylamineacrolein [2], describes 
conjectured thet this compound allylidene-bis-diphenylamine CH2=CH-CH= 
this the name given for Beilstein's handbook well his paper, 
Leeds gives the analysis the synthesized but does not give the 
molecular weight the substance, which would have been quite desirable, inasmuch 
would have been natural assume that the infusible substance had iso- 
lated was polymerized product, 


stance with m.p. 145°. There reason believe that has the structure 
1,3-bisdiphenylaminopropene, that the reaction similar the reaction 


unsaturated aldehydes with secondary amines, which has been studied 
detail, 


The diene structure acrolein (1,4 addition) reflected the mechanism 
the reaction: 


4 H 


i.e., get compound with the structure and Eckstein base 


Hence, see it, the product the reaction diphenylamine with 


enamines. The simple method evolved for synthesizing also makes other mem- 
this series accessible. 


The acrolein was prepared from glycerol, sulfuric acid, and The 
diphenylamine was chemically pure, with m.p. 56° 


The initial tests were made according Leed's prescription: heating 
alcoholic solution diphenylamine with acrolein for hours over water 
bath. The ensuing treatment with boiling water and alcohol, successively, produced 
negligible yield (5-10%) compound with m.p. ranging from 106 118°, con- 
trary Leed's description. When heating was continued for more than hours, the 
reaction mixture turned red, apparently because the formation oxidation pro- 
ducts. When drop hydrochloric acid added, the reaction energetic, poly- 
products being formed. The acrolein and diphenylamine must teken 
proportions or, even better, using slight excess 
this not done, the reaction will not proceed indicated. After several experi- 
ments performed flasks and sealed tubes, worked out the following method for 
synthesizing diphenylamineacrolein. 


Synthesis 

flask, and the flask was with solid rubber stopper, which 
was fastened with wire and cemented top with lead putty and glycerol). 
The mixture wes heated for 8-10 hours over boiling water bath, and then was 
allowed stand for ice. After standing ice, the initially 
yellow syrupy solution was transformed into dense mass that resenbled 
old, candied honey. The mixture was then treated with soon the 
began boil, white crystalline precipitate was thrown down; this was 
filtered out and for hours. The product yield was 33.7% 
the theoretical, based the Some more the product (10-13 
could récovered from the mother liquor. Diphenylamineacrolein readily sol- 
uble ether, benzene, acetone, ethyl acetate, less petroleum 
ether, poorly soluble alcohol, and hardly soluble all 
dissolves more easily boiling alcohol, crystallizing true parallelepipeds. 
hydrolyzed dilute hydrochloric acid, the odor acrolein being percept- 


substance: 17.05 (16°, 760 mm). 


376. 


When distillea vacuum (20 mm) 270°, diphenylaminoacrolein breaks 
down, yielding diphenylamine. the substance yielded 1.5 of: 
and residue the distilling flask. After distillation was stopped, the 
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sharp odor acrolein was noticed the flask. may assumed that, the 
thermal decomposition bases synthesized from secondary aliphatic amines and 
unsaturated aldehydes one molecule diphenylamine detached during distil- 
lation and diphenylamineallene formed, which polymerizes tar. With this 
mechanism the hydrolytic and thermal decomposition the enamines understand 
why secondary aromatic amines not form quinoline derivatives when with 

has been established that the product the reaction between acrolein 

and diphenylamine not that described Leeds. 


Diphenylamineacrolein crystalline product with m.p. 145°, which 
apparently has the structure 1,3-bis-diphenylaminopropene. 


The method developed for the synthesis diphenylamineacrolein may 
used synthesize other members the series tertiary aliphatic-aromatic amines. 


The mechanism the hydrolytic and thermal decomposition diphenyl- 
amineacrolein justifies the conclusion that impossible synthesize quinoline 
derivatives from secondary amines the reactions. 


G.E,Rudchenko, Gen. Chem., 10, 22, 1954 (1940). 

[2] Leeds, Ber., 15, 1158 

Beilstein, XII, 193. 

Mannich, Handtke, and Roth, Ber., 69, 2112 (1936). 
[s] Lieb. Ann., 318, (1901). 


Synthesis Organic Preparations, Ed. Adams al., Vol. II, 
(1932) (Russ. edition). 


Received August 12, 1948. 


wes 


‘SYNTHESIS ANHYDRIDES 


ANHYDRIDES 


Ponomarenko 


phthalic anhydride the most important products basic 

organic and widely employed its substituted products, par- 

ticularly the monochloroanhydrides, are rarely encountered even laboratory prac- 

tice. view the undoubted interest attached these compounds [4], this 

state affairs can due solely the difficulties obtaining these substances 

the pure state. 


Theoretically, two are possible: the 3-chloro- 
phthalic and the 4-chlorophthalic. These anhydrides their acids have been syn- 
thesized various ways. 


acid. was synthesized Bogert and Boroschek 
reacting with anhydride. The acid.was also synthesized 
oxidizing chloro-2- methylbenzoic acid, 1,5- and a-chlorotet- 
ralin. Ina patent [6] the acid anhydride was synthesized 
3-nitrophthalic anhydride; the U.S. phthalic anhydride was chlorinated 
Neither patent indicates the requisite conditions for obtaining 
pure 3-chlorophthalic acid its anhydride. 


4-Chlorophthalic acid. The more numerous methods synthesizing 4-chloro- 
phthalic acid may classified into three groups the initial materials 
used. Auerbach [7] synthesized 4-chlorophthalic acid chlorinating alkaline 
solution phthalic acid. Ruchinsky and other authors synthesized the acid 
changing the alkali and the proportions used. patent was issued 1929 cov- 
ering the synthesis 4-chlorophthalic acid chlorinating phthalic acid 
solution caustic alkalies, and sodium and potassium bicarbonates 
and acetates. 


The second group comprises methods synthesizing the acid oxidizing 
the products chlor‘inating naphthalene and its derivatives, well some other 
aromatic compounds containing chlorine. Thus, the oxidizing 
2,6-, and 2,7-dichloronaphthalenes, B-chlorotetralin, 
acid, 1-methyl-3- chloro-6- and 6-chlorohydrin- 
done. 


The third group comprises the methods synthes its 
hydride from derivatives phthalic acid its anhydride substituting 
for some the functional groups position The acid its anhydride was 
synthesized from the trichloride sulfophthalic acid and 4-sulfophthalic 
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and acid via the diazo compound diethyl 
phthalate, and (according patent) chlorinating 4-nitrophthalic 


Most the foregoing methods synthesizing monophthalic acids their 
else encountered purifying the end products. study 
literature indicates that the Bogert and Boroschek method [5] most often 
employed synthesize acid, and that phthalic acid usually 
chlorinated alkaline solution synthesize 4-chlorophthalic acid. the 
latter instance, difficulties are encountered purifying the acid 
from the traces phthalic and 4,5-dichlorophthalic acids. 


had have and acids, preferably the form 
their anhydrides, turned our attention synthesizing the latter from the res- 
pective nitro derivatives accordance with the British patent This method 
attracted our attention because the well-developed methods for preparing the 
materials: 3-nitrophthalic and 4-nitrophthalic anhydrides. Moreover, re- 
placement the group elementary chlorine was also considerable inter- 
est from the standpoint the development the methods organic 
This problem the subject separate paper. 


Cwing the fact that the patent gave but few details, decided 
make series investigations work method for the synthesis these an- 


The monochlorophthalic enhydrides were synthesized the 
following diagram: 


Anhydride 


4-Chlorophthalic anhydride 


EXPERIMENTAL 


The for the synthesis monochlorophthalic anhydrides was 
commercial phthalic acid, produced the disintegration domestic commercial 
phthalic during storage. The melting point the acid sealed capil- 
was 183-190°. view the fact that the monochlorophthalic anhydrides syn- 
thesized from phthalic anhydride and the intermediate products are often 
used without further and also order ascertain the yield inter- 
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mediate and end products, desirable give brief description this point 
the entire synthesis, beginning with the phthalic anhydride. 


Phthalic This was prepared from the acid heating the latter 
wide-necked over asbestos screen 200-260° no.more steam was 
evolved. 


acid. This was prepared phthalic anhydride 
with nitric acid. 250 commercial phthalic anhydride yielded, after purification, 
3-chlorophthalic acid with melting point 221-223° sealed capillary. 


3-Nitrophthalic anhydride. 3-nitrophthalic acid was placed 
wide-mouthed, short-necked flask, and heated 190-250° for 15-20 
over a.sand bath. The melting point the end product was 160-170°. The yield was 


wide test tube fitted with stopper and inlet and outlet tubes. The test 
tube was immersed paraffin bath and kept temperature 230-250° while 
current desiccated chlorine was passed through it. The sublimate formed 
during chlorination was scraped off the bottom the test tube intervals. 
After more brown fumes were evolved, the chlorine was passed through the test 
tube for another 30-40 minutes, and the process was stepped. Chlorination was com- 
within 6-7 hours. The yield product with 105-109° was 19- 


Recrystallization from 1:1 benzene-gasoline mixture yielded 15-15.5 
anhydride with am.p. 125.5°. About two more grams 


inated anhydride may recovered from the mother liquor. chlorination should 
long drawn out, advisable distill the product from retort and then 
anhydride. 


flask fitted with air-cooled reflux condenser, was added, and the 
temperature the mixture was slowly raised 300°. This yielded dark-colored 
phthalimide with 232-234°. The yield wag 188 


purification, nitric and sulfuric acids. The synthesized 4-nitro- 
phthalimide, which was pale yellow after 

The yield was 170 


acid. This was prepared saponifying 4-nitrophthalimide. 


anhydride. This was prepared the method synthe- 
size the anhydride. the acid yielded 17.6 the anhyd- 
ride. 


anhydride. 4-nitrophthalic anhydride was chlor- 
inated the method outlined above. The evolution brown fumes ceased after 
hours, and the chlorine was then passed through for another 40-40 minutes, after 
which the process was stopped. The synthesized product melting point 
appreximately 90°; was transferred retort ordinary pressure. 
Repeated recrystallization from benzene-gasoline mixture crystal- 
line product with 98°. The yield was 


SUMMARY 


and anhydrides have been synthesized from phthalic 
acid via number intermediate products. 


‘ 


Chlorination the fused and nitrophthalic anhydrides produced good 
tively. 
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THE CYCLOPENTANE SERIES 


VINYLCYCLOPENTANE 


USSR Academy 


The number known cyclopentane hydrocarbons with double bond the side 
chain extremely small the simplest representative this series 
vinylcyclopentane has been the present time; the analogous hydro- 
carbon the cyclohexane series vinylcyclohexane has been 
Levina 


Hypotheticallyy the synthesis might start out with 


But the dehydration might expected result the form- 
ation ethylidenecyclopentane (Iv), together with vinylcyclopentane (III): 


Ethylidenecyclopentane has been synthesized Wallach [3] condensing 
cyclopentanone with a-bromopropionic acid, followed dehydrating the hydroxy acid 
and decarboxylating the synthesized acid: 


(not much) 
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Moreover, dehydration cyclopentane possessing hydroxyl group 
the side chain may also result isomerization the ring. When dehydrating 
with oxalic acid, Kinzher observed the 


Reacting hydrohalic acids with Nametkin and 
synthesized halogen derivative cyclohexane: 


Hal 


Dehydrating the same Rozanov obtained cyclohexene: 


Kazansky and Tatevosyan [7] dehydrated with ox- 
alic acid and obtained the normal reaction product, but 
Nametkin and Gabriadze [8] made more detailed study this reaction and showed 
that, the normal reaction product, also formed, 


ring isomerization, dehydration may also result migration 
the double bond from the chain the ring; Auwers and Treppyan, far instance, 
dehydrated phenylcyclohexylcarbinol with potassium bisulfate dnd obtained 
mixture unsaturated hydrocarbons containing much benzylcyclohexene and little 
benzylidenecyclohexane, although the should have been the principal 
the 


(much) 


The shift the double bond the ring likewise takes place when dimethylcyclo- 
dehydrated isopropylcyclopentene, indicated above. 


One the most dependable methods dehydrating Chugayev's xan- 
thocenate method, means which can dehydrated 
without isomerizing the ring, Kazansky [1°] has shown; Kazansky cbtained mixture 
isopropylidenecyclobutane and asymm. 


C—OH 


from cyclohexylphenylcarbinol. 


chose different method synthesis, vig: the and Van Pelt 
pyrolysis acetates [12]. This method has been extensively employed recent 
years the synthesis olefins with the assigned position the bond. 


hydrocarbon described the Venus-Danilova and Bolshukin de- 
hydrated this with sulfuric acid different concentrations, potassium bi- 
sulfate, and anhydrous oxalic acid, but ell their experiments the a-cyclopenty} 
ethanol recovered unchanged, together with small quantity tarring products. 
Furthermore, the alcohol was transformed into the bromohydrin, but hydrogen bromide 
could not detached from the latter with alcoholic the bromine 
was replaced hydroxyl group, and the initial alcohol was reconstituted. 


subjected the acetates and cyclopentylethanol 
pyrolysis, and both cases synthesized the same hydrocarbon, which 


matter whether started with the acetate the primary alcohol the acetate 
the secondary alcohol. The structure the hydrocarbon was proved hydrogen- 
ating it, which yielded ethylcyclopentane, and oxidizing with permanganate 
{by the gner method), which yielded and formic acids. 


Investigation combined light-scattering spectra the preparations syn- 
thesized from the acetate the primary and from the acetate the seccnd- 
ary alcohol uniformly indicated that the two the syn- 
thesized hydrocarbon belongs the series, and the double bond cor- 
responds monosubstituted ethylene. Hence, this optical investigation 
proved that the synthesized has the structure vinylcyclopentane. 


Thus, the pyrolysis the acetates the instances investi- 
gated; not only was thereno ring isomerization, but the’ splitting off acetic 
acid groups took place only direction; singularity rare 
the direct dehydration alcohols. 


The constants differ from those the other known cyclo- 
pentane hydrocarbons wit the formula shdwn the 
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Source 


Boiling 
oint 


106.5-107° 


Hydrocarbon 


0.8041 


Ethylcyclopentene-1 


Computed: MRp 33.85. 


B-Cyclo entylethanol was synthesized from and 
ethylene oxide [17], the yield being 27%: 


94-96° (24 mm); 0.9190; 1.4576; 33.85. 

The acetates were prepared reacting the alcohols with acetic anhydride 
the presence small quantity orthophosphoric acid parts by. 
weight the alcohol and parts weight freshly distilled acetic anhydride 
are placed flask fitted with stirrer, reflux condenstr, dropping funnel, 
and thermometer. With the stirrer constant operation, part weight 
mixture consisting parts acetic anhydride and parts orthophosphoric 
acid (sp. gr. 1.7; the mixture prepared the day before used) 
added drop drop during the course minutes. continued for an- 
other hours after the mixture has been added. The mixture chilled during the 
reaction, with the temperature prevented from rising 38°. The reaction prod- 
uct poured into water, and the oily layer removed, washed with soda solu- 
tion and with water, and desiccated with calcium after which re- 


peatedly distilled vacuun. 

The yield the acetate a-cyclopentylethanol was This color- 
less liquid with pleasant, rather fruity, odor: 

B.p. 76-79° (24 mm); (746 mm); 0.9408; 

The yield the acetate was This color- 
less liquid with fruity odor that more agreeable than the odor the acetate 
the secondary alcohol: 

Computed: MRp 43.21. 


Ethylcyclopentene-2 99-103° 


0.8020 


98.3 


0.7796 


Vinylcyclopentane 


Not described the. literature 


1.4303 
= 
508 


Pyrolysis the acetates was effected current nitrogen 
catalytic tube molybdenum tube diameter was 1.4 cm, and its opera- 
ative section was 11.2 glass wool was placed the tube. The 
acetates were fed through the rate 5-6 per hour. The temperature used was 
500°. the acetate a-cyclopentylethanol was subjected pyrolysis. The 
yield the hydrocarbon was. after boiling over sodium. The acetate B-cyclo- 
pentylethanol, 72.6 which yielded 37.4 hydrocarbon (after boil- 
ing over sodium), 83.9% the theoretical 


Vinylcyclopentane. the pyrolysis products was distilled into tower 
filled with open metallic rings, with efficiency approximately theoretical 
trays. both cases secured products with absolutely identical The 
properties vinylcyclopentane are follows: 


Computed: 31.86. 


Hydrocarbon prepared pyrolyzing the acetate @-c clopentylethanol: 


Found 87.55, 87.38; 12.40, 12.90. 


prepared pyrolyzing the acetate 
Found 87.56, 87.58; 12.68, 12.65. 


vinylcyclopentane was effected the liquid phase the 


cold, the presence platinized charcoal. 5.36 the hydrocarbon was used. 
conditions. 1251 should have been absorbed. The properties the ethylcyclo- 
pentane synthesized were follows: 


Literature data [18]: B.p. 103.7° (760 mm); 0.7660; 1.4200. 


Oxidation vinylcyclopentane was effected the cold with aqueous 
solution and 4.5 the hydrocarbon was sub- 
jected neutral oxidation products were Formic acid was de- 
tected the mixture acids the calomel method. When the acids were distilled 
the temperature suddenly jumped 215° after few drops the first runnings 
passed over about 100°. This yielded 1.4 cyclopentanecarboxylic acid with 
the following properties: 


B.p. 215-220°; 1.0597; 1.4545. 
Analysis the silver salt: 


0.0540 substance: 0.0261 Ag. 
0.1906 substance: 0.0916 Ag. 
0.0231 substance: 0.0113 Ag. 
Found 48.33, 48.06, 48.91. 


The chemical analysis the indicates that 
nylcyclopentane. 

Results the analysis Both preparations 
rom the primary and secondary alcohols) were analyzed the method combined 
ght scattering, their spectra This signifies that the 
hydrocarbon was synthesized each experiment. Spectrum analysis led 
independently the chemical analysis, that this hydrocarbon 
clopentane. 


3079(140). 


ntensive frequencies that are ethylene: 
294(72), the other hand, the spectrum hag the intensive 
ulsating fréquency the cyclopentane ring: 891(57), persists, know, 


ule, natural that its spectrum exhibits frequencies that differ 
those ethylene well cyclopentane hydrocarbons; but the spectrum 
his molecule retains the above-mentioned frequencies and cyclopentane 
that are characteristic them. 


wish express our profound thanks Academician B.A.Kazansky for his 
continuing interest this research and for much valuable advice, 


SUMMARY 


described the literature, has been 
synthesized two ways: pyrolysis the acetate a-cyclopentylethanol and 
pyrolysis the acetate 


The frequencies the combined light-scattering spectrum vinylcyclo- 
pentane are listed, demonstrating its structure, addition the pertinent 


the band background. 


510 


pyrolysis the acetates enabled perform the reaction sclec- 
tively, whereas the direct a-cyclopentylethanol does not the 
desired results, according the data the 


The acetates a-cyclopentylethanol and have been 
synthesized and identified for the first time. 
A.¥.Plate, and P.A. Bazhulin, Gen. Chem., 14, 
R.Y Levina and Chen. 1250 (1934). 


Lieb. Ann., 365, 272 (1909); Wallach, Ber., 
147 


.Kinzher, Russ. Chem. Soc., 37, 509 676 (1908) 
40, 42, 1211 (1910). 


and 0.N.Morozova, Russ. Chem. Soc., 47, 1607 (1915). 


[6] Russ. Chem. Soc., 591 309 (1916); 
61, (1929). 


Auvers, Treppman, Ber., 46, 1207 (1915). 

B.A.Kazansky, Gen. Chem. 1598 (1936). 

I.P. Wibaut, A.J. VanPelt, Rec. trav. chim. 57, 1055 

Becker, Bull. Soc. Chim. Belg., 36, 

Braun, Kamp, Kopp, Ber., JO, 1750 (1937). 


Johe, Adams, Am. Soc., 50, 1503 Pilat, 


9 
[18] Perfumes, 542. Izv. Armenian Acad. Sci. 


Crane, A.L.Henne, Am. Chem. soc., 67, 1237 (1945). 

[20] USSR Acad. Sci. (1941), Vol. 


B.A.Kazansky, Z.A.Rumyantseva, and M.I. Batuyev, Izv. USSR Acad. 
Div. Chem. 473 (1947). 


Received July 25, 1948. 


ANSORPTION SPECTRA AND DERIVATIVES 


the aim the present paper work out the syntheses the valuable 
antipyret dihydroxypyramidon, study its ultraviolet spectra, and 
compare the results obtained with its properties, 


the second section this paper, and 
took part the research, proving their spectrographic investigation the 
phenyl derivatives pyrazolone that phenylhydrazine yields two saturated structures: 
the hydrazo and the diazo structures. The structure the hydrazo 
structure phenylhydrazine was demonstrated the absorption spectra both 
and pyramidon, and the hypothesis was advanced thdt the complex ion 
the molecules these compounds that corresponds the hydrazo structure phenyl- 
hydrazine possesses the antipyretic properties antipyrine and pyramidon. was 
also conjectured that this instance the toxic properties phenylhydrazine are 
diminished the closing the pyrazolone ring. But 1929 Scharonnet and 
carefully oxidizing pyramidon, synthesized with open 
ring, the antipyretic properties pyramidon, and even less toxicity. 


order clear the problem the fine structure 
derivative phenylhydrazine, explored its ebsorptibn spectra, but since 
the absorption spectra could not interpreted directly, 
made systematic analysis the beta and alphe and diacyl 
derivatives phenylhydrazine. This also interested because the fect that 
the beta acyl derivatives phenylhydrazine: hydracetin, cryogenin, and 
maretin, had-also been put forward antipyretic substances; the latter two having 
found fairly wide 


Pyrodin) 


synthesized acetylphenylhydrazine the Fischer [1] and 
method heating phenylhydrazine with acetic which produces high 
yield. 


= 
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‘ 


The product was purified fivefold crystallization from 
Yield: 83%: The crystals were odorless needles with m.p. 
readily soluble water and alcohol. 


Methylacetylphenylhydrezine was prepared from dihydroxypyremidon 
hydrolyais, according the method due Scharonnat and laby 


The subs stance was from dilute alco- 
hol. 


consists colorless, odorless crystals 
hardly scluble water and ether, with m.p. Scharonnat and 
Delaby give the m.p. 93°, and Ebert and Reuter [4] give the m.p. 


Fischer [1]. synthesized cryogenin reacting hydrochlor- 
ide with potassium cyanate. synthesized B-phenylsemicarbazide from phenylhydra- 
given Skinner and Ruhemann, 


The resulting crystals were purified repeated recrystallization from 
alcohol and were desiccated vacuum exsiccator over calcium chloride. Yield: 


the following reaction: 


82%. The cryogenin synthesized either method crystalline powder with 
am.p. 171°. The cryogenin with m.p. 171° soluble hot water, alcohol, 
ether, chloroform, and acetic acid 


This synthesis performed accordance with the Mayer patent [7]: 31.6 
m-tolylhydrazine and urea were heated 160° over oil bath: 


The product was crystallized from water and then repeatedly alcohol. 
Yield: 85%. 


Maretin white crystalline powder with m.p. 184° (The Bayer firm 
gives the m.p. 184° which hardly soluble cold water, readily soluble 
boiling water and alcohol, and and chloroforn. 


Absorption Spectra 
Research Methods [9,10] 


The absorption spectra were investigated [with quartz spectograph 316)] 
fitted with wavelength scale, and with sectorphotometer made 
the firm Hilger 

Investigation the short wavelength 2250A was done 
means film smeared, before exposure, with good vas oil, which was washed 
off with petroleum ether before exposure. 


According Rossler [21], Stucklen and Weigert [13], mineral oil sensi- 
tizes ordinary films. 


Purifying the Solvents 


Ethyl alcohol was purified distilling twice into Hempel tower 100 
high, the middle fraction always being The alcohol thus prepared placed 
l-cm tube, and light passed through down about 2250 

Hexane was prepared from petroleum ether the Menzel method [14]. 

leyer the purified hexane thick passes light down about 2060 
The water for these tests was prepared double distillation. 


the first time that dichlorethane has been employed 
analysi 


The dichloroethane prepared for spectrographic use was purified agitating 
with sulfurie acid containing 8-10% anhydride. The dichloroethane 
then colorless liquid with odor like that 


layer thick passes light dow about 2200 


Analysis 
Pyrodin) 


[15] was the first make quantitative spectrographic analysis 
alcoholic solution, doing while engaged study 
phenylhydrazine and its derivatives. discovered two bands with 


hexane, aicoholic solutions chloride, and sodium alcoholate. 


(Fig. 2). 


visible region from curve (Fig 1), and exhibits band maximum 

--lower than the alcohol curve. Then the curve turns upward, exhibiting band maximum 
the alcohol curve, and ends 2190 and The and bands are 
displaced and somewhat drawn apart, forming deeper 
minimum. 


= 

e 


from 
mol, 


- 


VER 


1e > 


2370 2670: 2455 
max 2620 2410 
260 2280 8000 2365 
420 2270 7000 max. 
2580 2300 10000 
4200 2500 2140} 2500 


ward the short-wave end the spectrum the curve’ 
alcohol Curve running parallel the latter, with band 
the ultraviolet, and ends 2500. According our data, the 
absorption spectrum alcohol coincides within the limits 
experimental error with that found Biquard 


tigation its spectrum changed its solutions 
were allowed stand, also made investigation after 
had stood for Compared the alcohol plotted immediately after 
dissolution (Fig. Curve 1), the curve shifted toward the longer wavelengths, 


and 10, the band twice intensive and close the band for phenyl- 
hydrazine immediately after dissolution. 


(Fig. Curve shifted with respect the alcohol curve (Fig. Curve 


The curve alcohol 100 mols like the 
curve alcohol, but its displacement toward the with respect the 
curve for phenylhydrazine alcohol Curve smaller. The band 
HCl after hours standing (Fig. Curve 


Curve 5). 


The curve shifted toward the ultraviolet compared that recorded 
with immediately after had been added (Fig. Curve 3); likewise 
twa bands: and 1200, with maximum 1.6 times 


2940 600 2650 
min. 
2900 800 2550 
2880 2530 
max. 
2770 


corded with 100 HCl present within the limits experimental error. HCl 
not cause any appreciable change the spectrum B-acetylphenylhydrazine. 


(Fig. Curve 


100, the curve shifted 220 toward the visible region with respect 


TABLE 


max. 
2575 


Mol (Fig. Curve;4) 


Compared the curve for 
his curve displaced the 
wavelengths; rises, intersects 
the alcohol curve, and moves toward the 
ultraviolet, forming band witha 

pared the the band 
2.8 times lower. 


TABLE 


From 


2720 


2900 2700 8000 
2850 2690 10000 
max. min. 

2750 2580 10000 
2570 2800 


TABLE 


alcohol yielded curve (Fig. Curve under the 
action molal sodium elcoholate, which the band wider and twice in- 
tensive, while the band, the other hand, narrower and less intensive; 
the molal solution sodium alcoholate, the band again loses intensity, and the 
band likewise about times less than the curve with alcohol 


Curve 


Hence, acetyl the beta position phenylhydrazine 


the hydrazo structure latter extremely stable. 


The variability the 


the spectrum, inasmuch allowing its 


solutions neutral alcohol and the 


presence stand makes the band more intense and makes approach the 


phenylhydrazine, while also making narrower. 


The alcoholate makes the 


spectrum differ even more from that phenylhydrazine, 


518 


‘ i ‘ 
max. 
2280 
2250 8000 
min. 
2850 2590] 320] 5000 
max. 
max 


TABLE TABLE 


-Acetylphenylhydrazine Alcohol, in_2-Molal 


TABLE 


alcohol, after standing 


aftet standing for 
standing overnight ..... 


possibly because the reaction the acetyl carbonyl group and the 
hydrogen atoms with the alcoholate. The diminution the intensity both bands 

hydrazine. 


are the first have investigated the, absorption spectra 
acetylphenylhydrazine; did hexshe, alcohol, alcoholic solutions hydrogen 
chloride, and alcoholate various concentrations under various condi- 

(Fig. Curve 


3000 1000 2520 1000 2360 4000 2860 1000 2570 500 2335 
2000 
2810 1000 2333 10000 
2825 1000 2315 8000 
2800 2000 2255 10000 
2800 1000 2315 10000 
2800 1750 2315 10000 
2805 1200 2315 
2765 2000 2375 4000 
2805 800 2310 4500 
2355 10000 
1600 2410 
519 


hexane (Fig. and 3), find essential differences. The band 
maxima coincide, and the minimum following the band lowered somewhat. The 
band maximum 1.25 times greater, with the minimum lowered and displaced 
toward the ultraviolet the hexane. 


(Fig. Curve 


3080 
3010 


mol, after standing overnight, (Fig. Curve 2), exhibited changes the absorp- 
tion’ spectrun. Introducing methyl group the beta position 


When compare alcohol with phenylhydrazine 
alcohol (Fig. Curves and 5), see that substituting methyl and acetyl 
group for the hydrogen atoms increases the band factor 2.5 and the 


maximum 2000, this band being somewhat narrower than that 
the curve for alcohol (Fig. Curve and half intense; the band ex- 
hibits maximum and 24,000 and almost coincides with that the 
curve for alcohol without any acid 


min. Max. max. max. 
2860 4000 2380 10000 2235 5200 100 2630 60q 2210 
max. ‘min. min. 
2810 4000 2360 2190 1000 2600 600 2170 4000 


100 Molal HCl, After Standing Curve 3). 

The maximum the band twice high and shifted toward the 
ultraviolet, compsred with Curve which was plotted immediately, without letting 
the solution stand; the minimum this band 1.5 times lower and shifted 
the longer 


Comparing the curve for 100-molal with 
the curve for phenylhydrazine Curves and 6), found that when the 
methyl and the acetyl group are introduced into phenylhydrazine the beta posi- 
tion, the band the curve twice big and shifted toward the longer 

wavelengths, while the maximum the band 3.1 times big and shifted 
toward the longer wavelengths (Table 12). 


TABLE TABLE 
(rig. Curve 100-Molal HCl, After Standing Over 


2470 


TABLE 


Curve 


(Fig. Curve 


The curve begins close that 
shifted the ultraviolet like the 
curve for alcohol 100-molal HCl, form- 
ing two phenylhydrazine and 
The maximum the band 
shifted toward the ultraviolet and 
somewhat stronger than that for the 
curvé plotted the presence HCl, but 1.6 times less intense than 
that for the alcohol curve: The band coincides with the alcohol one 
throughout its expanse (Table 13). 


~ 


changes were ovserved the curve plotted for the sodium alcoholate 
tion compared the curve for alcohol, inasmuch only the upper part the band 


| 
min. 
2690 |1000 2370 2130 10000 
max. 
max. 


was found narrower, with its maximum shifted toward the ultraviolet, the 
hours; the maximum the band was lowered factor 2.5 after standing 
(Tables and 15). 


2-Molal Solution Sodium Alcoholate, 

the bimolal alkali, the absorption 


Compared the absorption alcohol, the the 
band 2.5 times low, and the intensity the band coincides with that 
the phenylhydrazine band, but shifted toward the ultraviolet. The displace- 
ment from the indicates that the hydrolysis the 
acetylphenylhydrazine mey incomplete, thus exhibiting the effect the alkali 
upon the molecule (Table 17). 


Introducing the methyl group into TABLE 


the B-acetylphenylhydrazine, thus form- 
creases the intensity the absorption Mol. (Fig. Curve 

factor 4-5 for the band and, 


for the band. The nature the 


shown even more markedly. The absorp- 

tion spectrum 
hydrazine almost hex- 
alcoholic hydrochloric 

exhibits pronounced change the in- 
tensity the absorption band 

moial solution sodium alcoholste, 

without affecting the nature the spectrun. 


Inasmuch and absorption bands are related the interaction 
alpha with the benzene ring, change this sort indicates that the action 


max. 
min. 


the sodium alcoholate may also affect the alpha nitrogen, diminishing its effect 
upon the ring, this action increasing effectiveness with increase the alkali 
concentration, plus possible addition the acetyl group the carbonyl group, 

with partial saponification the former. 


TABLE 


alcohol, after 
standing overnight ... 2795 5000 2330 
5-molal HCL 2795 2500 2335 


in io 


are the first have studied the spectre The 
research was carried out alcohol, hexane, alcoholic solutions hydrogen chlor- 
ide, and sodium alcoholate. The phenylsemicarbazide used the freshly 
recrystallized from alcohol, because turned pink during storage. 


violet from Curve Fig. phenylhydrazine alcohol); then rises, ex- 
violet and factor 1.6 maximum (Fig..6, Curve 
ends 2130 and 6000 (Table 18).. 


B-acetylphenylhydrazine alcohol Curves and 4), find (as-has been 
pointed out above for phenylhydrazine) the maximum the band shifted 
farther toward the ultraviolet, while the bands coincide within the limits ex- 
perimental error, though the:intensity the band 1.4 times great. Curve 
(Fig. shows the absorption spectrum cryogenin after standing over- 
night; the curve that rising end exhibiting 
times after standing and shifted toward the visible region, 
compared the curve plotted for solution alcohol after dissolution. 


The band coincides with that the throughout its 
width, only below the shifted toward the ultraviolet and 


sat 


ems 
16000 
20000 
20000 
24.000 
20000 
16000 
10000 
10000 
9000 
8000 


\ 
= 


after standing does not coincide with the curve for alco- 
hol after standing for hours (Fig. Curves and either intensity 
form the positions the maxima, the phenylhydrazine curve, 
was the case with Curve (Fig. 

2330 and 3000, which shifted farther toward the ultraviolet, 
being lower than thé band the alcoholic solution factor 1.75. Owing 

the difficulty solution hexane, were unable plot complete curve. 


TABLE TABLE 


Alcohol, From Alcohol, From 
Curve 


3080 
2000 

2000 
2830 
max. 
2760 


The curve starts near the phenylhydrazine curve, 10, al- 
most coinciding with the alcohol curve 3050 upward, 
ible region the alcohol curve and 1.4 times intense. The maximum 
the band coincides with the latter's but times lower. 


mol, 100-molal HCl, exhibited changes after standing overnight. 


The curve begins 2950 end 200, being shifted toward the vis- 
ible region compared the alcohol curve, and moves two 
and ends 2180 and 2600. The large excess HCl causes 
changes, the curve being merely somewhat shifted toward the ultraviolet, The band in- 
tensity the absorption spectrum HCl very 


Curve 


alcohol plus 10-molal clouded and 
turned red soon the latter was added; hence, ‘our conducted only 

The absorption spectrum also ‘corresponds the spec- 

trum the hydrazo form phenylhydrazine, and its band intensity very much like 
° a 


min. max. 
3000 100 3200 2210 min. 
min. 1000 2570 640 2000 
max. max 1400 2480 2180 2000 


alcohol after standing 

standing 


_- 


after growing times strong, and growing strong when acted 
acid; the addition mols sodium alcoholate exceptionally 
The intensity the band does not change the alcoho}. solu- 
tion allowed stand. It. drops somewhat under the action tne acid,. 
doubled under the action 

Fig. (curve exhibits two more intense bands, with maximum 2800 


ane, alcoholic solutions chloride, and alcoholate. 


The curve the alcohol curve Curve rising, and 


. . 


2780 1200 2303 
4000 2345 10000 
2828 12410 9000 


2150 and 10,000 (Table 23). 


The curve starts 3465 and and shifted 105 toward the vis- 
ible region with respect the curve phenylhydrazine alcohol Curve 5); 
then, rising upward and displaced toward the longer wavelengths, exhibits 
alcohol, the spectrum somewhat toward the 
ultraviolet 


TABIE TABLE 
Curve, 


2665 
min.. 


2590 


2510 
2710 
max. 


Curve 


2865 2350 

2660 3200 2570 1400 
2580 2700 2380 6000 


max. 


The curve exhibits essential changes, ,but the intensity band 
When we_compare the curve with the curve 
elcohol (Fig. Curves and 4), find that the 
the banc and its maximum shifted toward the ultraviolet 


the band being within the limits experimental error, its 


7 
min. 3385 2000 2270 5000 
2000 2200 5000 2650 500 2220 2000 
3280 2580 500 2195 2000 
3060 2430 6000 2130 8000 
3080 
3045 
3020 
2980 
527 


The curve begins 3120 and 10, ‘shifted 210 toward the ultra- 
compared the cyrve alcohol; rises upward, constantly 

14,000 (Table 25). 

HCl, After Standing Overnight (Pig. Curve 


The curve exhibits two phenylhydrazine bands; and 700, 


The maxima the and bands are diminished factor 
compared the curve and the curve alcohol mols HCl, re- 
after the latter's additioa. 


(Fig. Curve Curve 


intensity the band the same that the curve for 100 mols 
HCl (Fig. Curve 2), but shifted toward the ultraviolet. The band 
narrower and exhibits maximum 2330 and 20,000, its intensity being 
greater than that the curve for the solution 100 factor ap- 
proximately 


The curve begins 3090 and 200, shifted toward the visible 
curve 1), the band wider, while bands coincide within the limits 
‘experimental error (Table 29). 


with the acetyl group, when the group introduced the beta 
position into phenylhydrazine confers exceptional stability 


2270 


3090 2300 10000 


2780 2000 2190 2600 


2150 


‘ 
min. 
2925 2530 200 
max. 
2755 2350 20000 
max. i mex, 
528 


upon the hydrazo structure the phenylhydrazine. The variability solutions 
alcohol and solutions hydrogen chloride upon standing partially indicates the 
presence diazo structure other large quantity sodium alcohol- 
ate causes cloudiness and the solutions; solution sodium 
alcoholate, the absorption are increased and are somewhat different, owing 

the possibility interaction between the sodium alcoholate and the carbonyl 

group directly with the alpha 


Items 


alcohol after standing 
100 mols HCl 2623 

standing overnight.... 2800 
B-(m-Tolyl)-semicarbazide 5-molar HCl.. 2798 
2735 


General Consideration the Absorption Spectra the 


The spectrographic investigations N.A. and [16] 
have established two structures for phenylhydrazine: the hydrazo and the diazo struc- 
tures, which are dynamic equilibrium with each other: 


the first being characterized two absorption bands, and the second one 
band (Fig. Curves and 6). 


The spectra the beta acyl derivatives phenylhydrazine were compared 
with these phenylhydrazine spectra. 


Comparison the absorption spectra phenylhydrazine and the beta acyl 
derivatives shows that the beta acyl derivatives correspond hydrazo structure 
phenylhydrazine far their number bands and their absorption 
are 


The existence diazo structure these compounds not clearly exhibited 
the spectra, has been noted above. But may assumed some degree, 
view the slight change the spectra the alcoholic and neutral solutions 
well those with HCl present, upon standing. This causes the band become 
more intense and narrower, certain shift the toward the 
hydrazo structure. 


The effect the acetyl group when the beta position acetyl- 
phenylhydrazine upon the first band, slight displacement the band toward 
the shorter while the absorption intensity diminished (I). 


2000 2348 10000 
1600 2325 12000 
700 2350 4000 
2000 2325 10000 
1600 9000 


Items 


alcoholic solutions 
hydrazine 
azo structure 
drazo structure 
carbamic 
B-(m-Tolyl)-hydrazide carbamic 
acid: ... 
Analine (according 


troducing group into placé another beta hydro- 
atom (II) displaces this band again toward the longer wavelengths, the band 
again located the same wavelengths unsubstituted but 
band intensity 2.5 high. Introducing the carbamic acid group 

D-NH> the beta position shifts the band still more toward the shorter 
hydrazine (IV) shift takes place, while the intensity 
shift toward the shorter wavelengths and increase 


According the researches N.Valyashko and V.Bliznyukov [16], the absorp- 
spectrum the hydrazo form phenylhydrazine greatly resembles the absorption 
pectrum aniline, which likewise has two absorption shown the 
listed Table 30, The resemblance with the aniline spectra persists the 
molal alcoh 101 solution HCl, with which phenylhydrazine forms the salt 


both the bands being shifted toward the wavelengths. 

ese figures indicate that, pherylhydrazine end its salt, well its 
acyl derivatives have investigated, the absorption spectrum chiefly due 

the reaction the alpha group with the benzene ring. The role played the 
group the phenylhydrazine the constitution ‘of. the absorption spectrum 
secondary one, being manifested relatively slight and more 
preciable changes intensity, has been shown the formation the salt 

the beta derivatives. The comparatively slight effect alcoholic: solutions 

upon the spectrum the beta acyl derivatives may due 

fact entering acyl groups cause diminution the basicity the 


TABLE 

2828 1600 9000 


nitrogen atom the beta emino the case acid 
amides ‘ 


The most probable structre the salt for beta acylated 


chanze the physiological action phenylhydrazine. 
phenylhydrazine; and like aniline, act powerful 
antipyretica, well toxins that down the coloring the blood 
(hemoglobin). acyl and alkyl groups the beta phenylhyd- 
razine diminishés the toxicity, but the substances still remain In- 
phenylhydrazine upon the effectively, although does not 
inate entirely, the resulting phenylhydrazides carbamic acid possessing strong 
antipyretic properties and being used trade names cryo- 
and maretin. 


Tne more and less toxic not clearly mani- 
fest the absorption spectra the beta acyl derivatives phenylhydrazine that 
have investigated. All that said the acyl carbamic 
group the position shifts the absorption bands toward the shorter wavelengths, 
indicating that the molecules become more stable and less reactive. This effect 
due the fact that the acetyl group diminishes the mobility the beta atom's 
electrons, owing the properties C=0 group attract electrons the oxygen, 
well owing the possibility resonance, 


(-) 


The phenomenon resonance will even more markedly manifest when 
group introduced into the phenylhydrazine, forming urea group (carbamide), 
characterized resonance with high energy: 


possible that the large part played beta group the res- 
onance the beta carbamic derivatives phenylhydrazine responsible for the con- 
siderable diminution their toxicity. Elucidation these provlems requires more 
precise spectrographic analysis. 


(maretin) have been worked out. 


The absorption spectra the foregoing beta 


ave been investigated hexane, alcohol, sodium alcoholate, and the presence 
ydrogen chloride. 

has been found that the absorption spectra these compounds alcoholic 
olutions hydrogen chloride change but little, owing the lowered basicity the 
eta nitrogen the acyl groups introduced. Sodium alcoholate causes the absorption 
pectra the beta acyl derivatives change, probably owing the reaction the 
with the carbonyl the acyl perhaps, with the alpha nitrogen 
tom directly. 

has been established, means the absorption spectra, that the 
beta acyl derivatives phenylhydrazine investigated correspond hydrazo struc- 
ure for the with, perhaps, merely slight percentage the diazo 
Introducing groups the beta amino group phenylhydrezine shifts 
spectrum the shorter wavelengths and reduces toxicity: slightly 

beta acyl derivatives phenylhydrazine and more the beta carbamic deriv- 


their hydrazo structure, the beta acyl derivatives phenylhydrazine 
border antipyrine and pyramidon. 
the latter, the diminution the toxicity the phenylhydrazine group 
yukov 

carbemic acid (cryogenin and maretin, respectively), the 
oxicity the phenylhydrazine group reduced follows: very slightly the 
and more the latter two, owing the entrance the beta 
into acetamide resonance and another atom into carbamide resonance, with 


igher resonance energy. 
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MERCURY BOLUTIONS 


down when acted upon metallic catalysts (pt, Ni, Ag, etc.), liberating 


mercury and dimerizing the phenylradicals diphenyl: The naphthyl radicals are not 
dimerized dinaphthyl, but react with each other,’ the hydrogen and 
giving rise naphthalene and insoluble carbon residue. 


were interésted exploring the reactions 
order compare them with the photoreactions diphenylmercury {2}. 


When irradiated ultraviolet light chloroforn, 
tetrachloroethane, dichloroethane, chloride formed quantita- 
tively. The ‘radical releases hydrogen converted into naphthalene. 


With for example, the reaction follows: 


The reaction with ethyl bromide bromide evolved 
quantitatively, and naphthalene formed. 


The reaction with methyl more thoroughgoing. reaction 
uric iodide produced well naphthylmercury photoreaction with 
ethyl only mercuric iodide. both instances, the detached naphthyl 
was converted into naphthalene. 


The photortaction a-dinaphthylmercury with alcohols extremely difficult 


Irradiating and methanol yielded ‘rebults all. When 
the former was irradiated for long time with alcohol,’ photoreaction 
resulted the liberation. mercury and the formation naphthalene. the 


‘ 


foregoing reactions are the respective reactions with dipheryl- 
mercury. 


The difference between the behavior the naphthyl radicals 
tself manifest the photoreactions with carbon tetrachloride. The phenyl radical 
firet detaches atom the solvent, producing benzene, and chloro- 
benzene formed the carbon tetrachloride solution result the addition 
chlorine atom the phenyl radical. 


The photoreaction with carbon tetrachloride produced 
quantitative yield chloride, plus naphthalene, hexachloroethane, 
and amorphous, non-crystallizing residue. The reaction probably followed this 
course: 


Hence, the naphthyl redical does not react with the carbon tetrachloride; here, 
the cetalytic decomposition the hydrogen redistributed 
among the naphthyl radicals. 


noteworthy that the naphthyl produced the thermal decomposition 
peroxide carbon tetrachloride reacts with the latter yield 
a-chloronaphthalene and 


and Carbon Tetrachioride 


for hours. The solution turned brown. The precipitate was filtered out and re- 
crystallized from benzene; m.p. without depression when mixed with 
ylmercury chloride; weight (93% the theoretical). 


The filtrate was with after the carbon tetrachloride had 
been driven off, white substance congealed condenser; proved naph- 
thalene, with am.p. 80°, exhibiting depression when mixed with pure prepar- 
ation and yielding picrate with m.p. 150°. The distillation residue was 
tarry mass. The carbon tetrachloride was separated from the water and distilled 
over water bath; the residue contained hexachloroethane, with 187° (in 
sealed capillary), exhibiting depression when mixed with pure hexachloroethane. 


a-Dinaphthylmercury 


hours. The precipitate was filtered out and from benzene; proved 
a-naphthylmercury chloride, with 187°, exhibiting depression when 
mixed with the pure substance; the weight was 0.65 The filtrate was distilled with 
steam; 0.28 naphthalene, with 80°, which exhibited depression when 
mixed with the pure substance, congealed the condenser; the picrate 
150°. Hexachloroethane was extracted the previous experiment (m.p. 187° 
sealed capillary). The residue left after steam distillation was recrystallized 
from benzene; chloride, with m.p. 189°, ex- 
hibiting depression when mixed with the pure substance; its weight was 0.5 
theoretical. 


536 


and Tetrachloroethane 


hours. solution turned dark brown, but precipitate was formed. The solu- 
tion was distilled with steam. solid substance the condenser; proved 
naphthalene, with am.p. of, 86° (after sublimation), which exhibited de- 
pression when mixed with the pure substance. The residue left after steam disttlla- 
tion was recrystallized from benzene; the weight was 0.79 (or 93% the theoretical) 
substance with 187°, which exhibited when mixed with pure 
chloride. 


hthylmercury and 1,2- 


hours. The solution turned brown. small quantity metallic mercury separated 
out. The precipitate, weighing 0.15 was filtered and recrystallized from benz- 
ene; its was 189°, and exhibited depression when mixed with pure a-naphthyl- 
mercury chloride. The solvent was off from the filtrate, negidue was 
with steam, yielding naphthalene; the latter weighed 0.18 and had m.p. 
80°, without any depression when mixed with pure substance. The mass that did 
not distil over with the steam was recrystallized from benzene; had m.p. 189°, 
without eny when mixed with pure a-naphthylmercury chloride, and weighed 


for hours. gas was evolved during the reaction. The the test tube 
had small amount mercury. The bromide was driven off, 
was distilled with steam; this naphthalene with 80°, exhip- 
ited depression when mixed with the pure substance. The residue after 
distillation bromide, weighing 0.25 (93% the theoretical); 
had 202° after recrystallization acetone and exhibited depression 
when mixed with pure a-naphthylmercury bromide. 


hours. The solution turned brown, but precipitate was formed. The methyl iodide 
was driven off, and the residue was distilled with steam. substance with the color 
iodine congealed the condenser; sublimation over zinc dust yielded naphthalene 
with 80°, exhibiting depression with the pure substance. The residue 
left after steam distillation weighed 0.95 which 0.18 (18% the theoretical) 
was accounted for red mercuric iodide, which was separated from the bulk the 
residue dissolving potassium iodide; the remainder 0.77 (77% the 
theoretical) was recrystallized from benzene-acetone mixture; 185° 
and exhibited depression when mixed with pure a-naphthylmercury iodide. 


a-Dinaphthylmercury and Ethyl Iodide 


hours. solution turned dark color, owing the iodine evolved. The 
mercuric iodide was filtered out, yielding 0.25 The ethyl iodide was driven off 
over water bath, together with part the iodine. The residue was distilled with 
steam. Naphthalene, colored with iodine, congealed the condenser; sublimation 
over zinc dust 0.1 naphthalene with m.p. 80°, exhibiting depres- 
sion when mixed with the fpure substance. The residue left after steam distillation 
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proved red mercuric which dissolved completely potassium iodide after 
having been washed with its weight was 0.7 The total mercuric re- 
covered was 0.95 the theoretical. 


and half. The solution was slightly colored. The precipitate was filtered out. The 
unreacted a-dinaphthylmercury was extracted with hot dichloroethane, the residue con- 
taining 0.3 mercury, 68% the theoretical. Amyl alcohol was driven off from 
the filtrate, and the residue was distilled with steam. This yielded 0.15 
naphthalene with 80°, exhibiting depression when mixed with the pure 
product. 


traces mercury found, but the remained unchanged. 


lene produced. 


mercury chloride and naphthalene aré again produced the result redistribu- 
tion the hydrogen between the 


The photoreaction with bromide yields 
mercury bromide and naphthalene. 


yields mercuric iodide and naphthalene. 


The photor eaction with amyl alcohol yields 
lene and mercury. 
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THE SULFONATION AND COMPOUNDS 


has been demonstrated the paper Terentyey that 
When sulfopyrrole oxidized chromic mixture, recovered. 
This enables conclude that the sulfo group entered the pyrrole the heta 
Methyl- and pyrroles, which have free alpha position, 
behave more detailed study the reaction products N-aryl-substi- 
tuted pyrroles, which shall have report length one our 
subsequent papers, indicated, however, that are also formed appreciable 
ine sulfotrioxide with pyrrole itself. 


effect better identification the synthesized the acid 
chloride and the anilide pyrrolesulfenic-(2) The acid chloride 
the sodium sulfonate with phosphorus pentachloride, but cannot 
isolated the pure state. Even ether solution turne rapidly, within 
the course few minutes, evolving hydrogen chloride and turning into black tar. 
When the freshly prepared acid chloride treated with aniline, yields the anil- 
crystals with 142°. were unable isolate the amide the pure 
apparent than the and similar derivatives may, the whole, 
employed the determination and identification only the principal reaction prod- 
uct: the a-sulfo acid, and that the problem the presence absence the 
acid cannot Moreover, neither this latter isomer nor any its deriva- 
tives has been synthesized the present time. therefore resolved employ 
the method solubility and lixiviation [2] our research the products the 
sulfonation pyrrole. The colubility the pure substance suitable solvent 

unknown isomer not change the percentage the substance saturated solu- 
tion when agitated with this solution, the unknown isomer identical with 

the standard. And, conversely, the sample under test has appreciable percentage 
another isomer, the percentages the substances solution ought increase 
when the former agitated with saturated solution the known isomer. 


Our research fell into two stages: synthesis the pure barium salt pyr- 
rolesulfonic-(2) acid, and the investigation the barium salts obtained the 


acid. The first operation was performed follows: sulfonated the pyrrole 
method previously developed us. The mass was separated from the sulfuric 
acid the usugl treatment with barium carbonate. After recrystallization from 
water-alcohol mixture, the salt was dried analyzed. Its barium content was that 
pyrrole monosulfonic acid. The purity the standard barium salt pyrrole- 
sulfonic-(2) acid was found solubility sample the salt 
during fourfold lixiviation. The solvent used was methanol parts 

volume); the thermostat was set 26°. the same time, the time required for 
achieving saturation was established. 


The second operation analyzing the percentage the the product 
sulfonating the pyrrole was performed follows: The sulfo mass resulting 
the pyrrole pyridine sulfotrioxide 100° was treated with 
carbonate. The precipitate was filtered out and washed with hot water. The 
small quantity pyrrole tarring products. weighed batch the resulting 
salt caturated methanol-water solution (at 26°) with the 
bottom consisting the barium salt the a-isomer (tested stated above). 

fter having been agitated for three hours, sample was taken. 
was that the percentage barium the solution remained unchanged within 
limits experimental error. 


Thus, our investigation has shown that the sulfonation pyrrole results 
practically quantitative yield (93% the theoretical) the mono- 
‘sulfopyrrole, with detectable traces the bete isomer and disulfo acids. 


barium salt (2)- 


salt treatment with soda. The Salt was comminuted with 
excess phosphorus pentachloride. The mixture was transferred flask and 
heated until the contents were completely the latter then 
carbon tetrachloride. The solution was washed times with cold water.. Evap- 
oration the solvent left the acid chloride with characteristic odor. After 
few minutes the moist acid chloride decomposes, liberating hydrogen chloride and 
turning into black mass. were unable synthesize the amide the usual 
treatment with ammonia. The was prepared treating the acid chloride with 
excess aniline and was then extracted with ether. 1.5 the sodium salt 
about 0.6 the anilide. Recrystallized from benzene, fuses 142°. 
readily soluble alcohol and less ether. 


3.492 substance: 0.398 (24°, mm). 
5.834 substance: 0.651 (24°, mm). 


Determination the salts was accomplished titration with soda 
the Chalmers and Rigby method weighed portion the barium salt was dissolved 
freshly boiled water and 7-8 methanol. The solution was protected 
against carbon dioxide tube filled with soda lime. After had was 
titrated with decinormal soda the presence phenolphthalein. The appearance 

color was easily observed against the white precipitate barium 
carbonate. 


triple recrystallization product obtained sulfonating the 
(synthetic) pyrrole with pyridine sulfotrioxide (cf below). After had been dried 
was 


0.2032 substance: consumed 


Found 


water was added quantity (1.627 the previously analyzed calt 
wide test tube. The solution was saturated agitation water thermostat 
26° had been established preliminary experiments that more than 
was needed for saturation. After three hours, the test tube was returned 
the vertical position the thermostat enable the precipitate settle out. 

Two samples the filtered solution were taken for analysis. the 
same that specified gbove vag then added the precipitate 
remaining tr. the test tube. process saturation was repeated, after which the 
same were taken for analysis. This lixiviation procedure was repeated four 
times. The bottam phage was left behind. The solubility remained unchanged 
throughout all these operations. 


product. The initial was prepared 
saccharate. B.p. 0.9658; 


solution 


1.5096. The pyridine sulfotrioxide was 

prepared from sulfuric anhydride and pyridine 

dissolved dichloroethane; was carefully 

washed with pure dichloroethane and desic- 


hours The dichloraethane solution was from the dar- 
kened fused sulfo The sulfo mass was dissolved water and treated, while 
boiling, with suspension carbonate. The precipitate was filtered out 
and carefully with hot water. The filtrate dryness and 
washed with ether remove tarry impurities. This yielded the barium salt, 
corresponding yield approximately 93% the theoretical. weighed portion 
the salt (0.0621 g), without further purification, was placed sat- 
urated solution barium (bottom phase) 2:3 water-alcohol 
medium. Two samples were taken for analysis after the mixture had been agitated 
thermostat 26° for hours. 


These titration figures correspond with those obtained for the pure barium pyrrole- 
sulfonate-(2). 
SUMMARY 


Sulfonating pyrrole with pyridine sulfotrioxide yields only one isomer: pyr- 
rolesulfonic-(2) acid. This was proved the fact that adding the barium salt iso- 
lated from the reaction product saturated water-alcohol solution pure barium 
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Goes not affect the solutility the latter. 
quantitative method has been developed for determining 
titration with soda solution against phenolphthalein. 


4 
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THE COLOR ORGANIC DYESTUFFS AND PLANARI MOLECULES. 


our previous report [1] that the hindrances that interfere 
with the ;lanar the cyenine dyes produce 
placement their absorption maxima toward the réd end the spectrum and decrease 


This rule applies only symmetrical dyes or, more precisely, only dye- 
stuffs whose fundamental structures differ but slightly Dye- 
stuffe quite asymmetrical structure may differently. Interference with the 
planarity their molecules may shift their absorption bands toward the short-wave 
end the spectrum. 


Styryl dyestuffs: 


are examples this kind dyestuff. introduce substituent the methyl 
group this compound that prevents the coplanarity the and benzene 
rings, its absorption band will shifted toward the violet end the 


‘ 


The drawing below illustrates the structure the cation styryl dyestuff 
with two spatial configurations: cis and trans see that subs radical 
for the hydrogen atom the beta position the diagram) may rupture co- 
inasmuch there not enough room for locating the racical the same 


plane the benzene ring. 


The following table gives the absorpt molecular extinctions 


Preparation 


eer ee ere 8 
6.8 
eee 


eee ee 


The following may drawn from this Re- 
beta hydrogen atom alkyl group marked shift the absorp- 
ion maximum toward the shorter wavelengths end diminution absorption intensity 
and III). phenyl group has the same effect, though not strongly. hypso- 
attached the heterocyclic nitrogen atom, which agrees with the drawing. Fin- 
radicals the alpha position likewise shift the absorption maximum toward 
shorter wavelengths, but not radicals the beta position. 


The reason for the snift the styryl dyestuffs' absorption maxima the 
introduction hydrocarbon radicals into their chromophores apparently the same 
the case the symmetrical carbocyanines described previously. Bulky 
substituents disturb the planar state the molecule, diminish the linking the 
esonance structures, and change the the The styryl dyes dif- 
from the carbocyanines, however, that they exhibit hypsocbramic rether 
displacement the absorption band. 


principal resonance structures styryl dye: 


are from equivalent point energy. The (A) stabilized the 
resonance energy the benzene and thiazole rings. the (B) structure see the 
more highly stressed p-quinone and thiazoline rings. systems this sort, the 


diminution structure linksge may result increase the distance between the 


Py 
7 


principal and the excited states rather than closer approach their 


The authors not belicve that the changes the absorption spectra dye- 
stuffs effected radicals that have been described the present and 
previous reports are purely steric There doubt that the steric effects 
may reinforced electronic influences. This evident, for example, prep- 
arations (IV) and (VIII) the foregoing table. The phenyl group, despite its 
large bulk compared that the methyl group, causes much the 
maximum. The action saturated hydrocarbon radicals 
not very great, however, and itself cannot produce the extremely large displace- 
ments dyestuff absorption bands thet have observed. 


EXPERIMENTAL 


The synthesis the styryl dyestuffs (I), (II), (III), and (IV) have been 
described the paper Kipriyanov and Ushenko [3]. Dyestuff (V) has been des- 
cribed Bloch and Hemer [4]. 


acetic anhydride were heated the point for hour. ethyl 
alcohol 0.5 sodium perchlorate dissolved hot water were added 
the solution. Crystals the dye settled when the mixture cooled. They were 
out and washed with alcohol and with ether, The yield was 0.35 
the theoretical. The melting point was 234° with decomposition (the temperatures 
given herein are the corrected ones), after recrystallization from alcohol. 


Found 6.72. 


thyl perchlorate (VII). 


The preparation was synthesized from 2-p-propylbenzthiazole iodoethylate method 
similar that described above. were unable isolate the pure state. 


was synthesized from 2-benzylbenrthiazole like the preceding compound. 
The yield was 18% the theoretical. Minute cherry-red crystals; m.p. 172° with 
decomposition. 

5.68. 


from 0.9 2-methylbenzthiazole bromophenylate and 0.5 
phenone acetic anhydride. The precipitated dye perchlorate was dissolved 
acetone, precipitated with filtered out, and recrystallized from alcohol. 

The yield was 0.26 29% the theoretical; the m.p. was with decomposition. 


Found 5.92. 


and acetic anhydride were heated boiling for 1.5 hours. alcohol 
and hot 10% solution sodium perchlorate were added the solution. The 
precipitated dye was washed with acetone and ether. After recrystallization from 
alcohol the yield was 0.15 16% the theoretical; the m.p. was 205° with de- 


composition. 


Found 


them together for 1.5 hours. The dye was precipitated with sodium perchlorate and 
recrystallized from alcohol. The was 0.26 34% the theoretical. 
Large, lustrous red crystals; m.p. 203° with 


Found 6.66; 8.11. 
SUMMARY 
number new styryl dyes have been synthesized condensing the quaternary 
and p-dimethylaminobenzophenone. hes been that all these 
ations, contein aryl the alpha beta positions, the absorp- 
tion maximum shifted toward the shorter wavelengths, while the absorption intensity 
reduced. These phenomena have been connected with disturbance the 
coplanarity the benzene and thiazole rings the molecules these dyes. 
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THE SYNTHESIS NAPHTHACENE* 


naphthace and hydroxy derivatives with zinc dust, i.e., from compounds 


that have four-ring skeleton naphthac ene, such and 
(Iv), 


found that naphthacene can synthesized from compounds that not possess 
this hydrocarbon's skeleton, viz., from such fairly accessible compounds ethyne 
diphthalide (V) and (bisindandione) (VI) distilling them with 
zinc dust in.the presence znhydrous zinc chloride. 


“ 

(v) 


. 


This interesting conversion reminds ‘the the 
ethyne diphthalide (V) into the red dihydroxynaphthaceneguinone the 
violet bisdiketohydrindene alcoholic alkali, described the literature 

first phase this reaction have assume hydrolytic opening the an- 
hydride rings [cf (Va) followed the @etaching and the closing 
the six-membered ring (VII), which more the 
standpoint, and, part, the clasing the 


The mechanism the conversion ethyne diphthalide and bisdiketohydr- 
indene (VI), which contain five-membered rings, into the hydrocarbon naphthacene 
distillation with zinc dust differs, however, from the transformation mechanism out- 
lined above. the direct conversion (V) and (VI) inta naphthacene described 
us, the thermal isomerization must preceded the hydrocarbon. Thus, 
have observed the gradual éthyne diphthalide into dihydroxynaphth- 
acenequinone (IV) heating solution higher-boiling hydrocarbons (trans- 
former-oil fraction). Inasmuch water molecule cannot play part this re- 
action, only thermal action being possible, must assume that the conversion 
ethyne diphthalide (V) (IV) must begin with the ephem- 
eral opening the five-membered lactone rings, the closing 
the stable system dihydroxynaphthacenequinone (IV): 


for the mechanism the conversion (VI) into 
naphthacene, this differs from the preceding case that cannot sure the 
existence preliminary stage, inasmuch bisdiketohydrindene 
not converted into dihydroxynaphthacenequinone heating neutral high- 


548 


boiling 


not impossible that distillation with zinc the first phase the 
reaction consists the reduction into the corresponding hydro- 
carbon after which the five-membered rings are, isomerized, the 
reaction involving the thermal (x) [5]. 


The instances the synthesis naphthacene above are examples 
very intexesting continue the search for similar instances this 
transformation, make detailed study the mechanism these trans- 
formations. 


Isomerization ethyne diphthalide (V) dihydr oxyn apthacenequinone (IV). 


220° mm) fraction refined transformer oil. heating was continued, the ethyne 
diphthalide was isomerized dihydroxynaphthacenequinone, the solutiort cooled, 
yellow crystals ethyne diphthalide settled out, together with the beautiful red 
needles dihydroxynaphthacenequinone. Filtration yielded 0.6 crystals mix- 
ture (V) and which were recrystallized twice from nitrobenzene and then from 
yielded 0.15 (15%) the dark-red crystals dihydroxy- 
naphthacenequinone, with m.p. 340° (determined Berl 


Naphthacene from bisdiketohydrindene bisdiketohydrindene 


was comminuted mortar with zinc dust, anhydrous zinc chloride, and 
chloride The mixture was placed 50-ml flask, whose neck was 
bent right angle, and gradually heated over low burner flame. The reaction 
mass first turned black and then effervesced Fifteen minutes before effervescence 
ended the reaction mass was heated more strongly until the walls the flask were 
dark red. This caused brownish-yellow mixture naphthacene and 
cene sublime; concensed the colder wall the flask's neck. The sublimate 
was carefully mixed mortar with three times its weight litharge, and the mix- 
ture was heated tube dehydrogenate the With rapid 
heating, the naphthacene sublimed characteristic golden-orange leaflets g). 
Recrystallization from boiling xylene yielded 0.25 pure naphthacene with 
340 test sample mixed with known naphthacene exhibited depression. The 
naphthacene was the same the yield obtained distilling dihydroxy- 


é H> 


the presence zinc 


from ethyne This reaction was carried out 
under exactly the conditions the preceding ethyne di- 


SUMMARY 


into six-membered ones further 
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first synthesized Gabriel and Leupold 
quinone (III) this the reso positions and are reactive, which 
why the ana structure (II) for the Tautomer- 
ism, with the role played the ana form (Va), might presupposed for dihyd- 
from which the identical dichloroquinone results. 


Inasmuch not ouly but the monochloronaphthacene- 
guinone well, could synthesized from the ananaphthacenequinone (III), ana 
structure (II) was also attributed the monoc 


But these conclusions regarding the ana structure the and dichlorides 
naphthacenequinone (1, derived from what appeared the convincing reac- 
tions and (III) contradicted the data the previous authors 
who ascribed para structure (VI and VII) the chlorides, besides being 
varinnce with some own observations. was difficult, for example, recon- 
cile the following facts with ana sturcture for these compounds. 


(VI) can synthesized from 
naphthoyl-o-benzoic acid ‘VIII), according Waldmann 


The only substance that can formed this reaction must have para structure 
(VI). Any rearrangement compound (VIII) during the process ring closure 
unlikely, and therefore follows that the product (VI) must different from the 
monochlorine derivative (I) prepared from the anaquinone (III). But when tested, 
both these monochlorides were found identical external appearance and 
melting point, and they caused depression when mixed together test sample. 
also proved the identity these products comparing the ethyl anilide deriv- 
atives (IX) synthesized from the monochlorine derivatives, from the anaquinone, and 
from the compound 


Anaquinone (III) reddish-orange. When atoms are introduced 
into its molecule, one should expect the colar grow deeper owing the bathochro- 
mic effect chlorine; but instead that, the formed from the anaquinone 
are light yellow, like The hypsochromic effect produced 
the introduction chlorine atoms into the anaquinone molecule ususual: 
expected color for the ana structure (I) 
and (II). 


our endeavors chlorinate monochloronaphthacenequinone discover- 
that was extraordinarily resistant the action various chlorinating 
were unable convert the monochloroquinone into thedichloro derivative. 
Monochlorine derivatives ana structure (I) ought easily chlorinated 
the ananaphthacenequinone The resistance monochloronaphthacenequinone 
chlorine, however, resembles that paranaphthacenequinone (X), which cannot 
chiorinated even under quite severe conditions. 


All these observations indicated that the naphthacene chloroquinones not 
have the ana structures (I) and (II), but rather have the para structures (VI) and 


(VII), althongh they can synthesized from the anaquinone. followed.that the re- 
action ananaphthacenequinone with sulfuryl chloride involves peculiar re- 
arrangement reorganization the central quinoid rings. 


clear the problem the structure the chloronaphthacenequinones once 
for all, resumed our work this field 1946, after several years interruption. 
view the possibility the foregoing rearrangement, had employ method 
that excluded any farreaching chemical reaction our investigation the problem. 

felt that investigation these compounds would especially suit- 
for this purpose, determining their potentials. did this upon 
the assumption that the halfwave potentials compounds whose properties are 

different those the para- and (X) will 

considerably, thus enabling assign the experimental for the chloro- 
quinones one another quinone The table and Fig. show the 
values obtained for the substances question, volts with respect 


Halfwave Potentials 
Halfwave potentials, 
Name substance volts 


+1.27 


0.52. 


the table and Fig. indicate, the 
naphthacenequinone and the chloroquinones are more neg- 


known that chlorine atoms shift 
the toward positive values This also seen 
when compare the l-chloroanthraquinone 
with that (XI) (cf Fig. and the table). 


Fig. see that the halfwave potentials for 
the chlorine derivatives naphthacenequinone lie much 


x 
alfwave halfwave 
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learly epproach the than that for the 
the chlorine derivatives naphthacenequinone had the ana structures 
(11), their halfwave potentials would somewhat more positive than that 
the i.e., they would lie below that the fol- 
lows, therefore, that the chlorine derivatives must classed 
belonging the para series (VI and VII) and not the ana series, been 

(I) and (ITI) Hence, must that the chlorination 
sulfuryl chloride involves peculiar rearcangement, the 


The converston the derivatives into the derivatives 
this 


acetic 
anhydride 
paper Marschalk and Stumm appeared recently, entitled 


Structure the Tetracene which the para structure the mono- and 
these authors the same conclusions had chiefly from 
chemical measurements. Repeating the chlorination with 
sulfuryl chloride described above, these authors, like us, observed the 

derivatives the 


from previous the 0.51 voit found for 


| 


connection with the pubiication Marschalk and dealing 
with the same subject which are continuing our research, must stress the fact 
that the problem the structure the naphthacene raised 
quinones that theoretical interest, well the discovery 

the chlorination (cf the following report). 


II. ANILIDE DERIVATIVES THE 


Clearing the structure the naphthacene defines more 
accurately the structure the anilide derivatives produced heating the 
hydroxy derivatives naphthacenequinone with aniline the presence sodium 


acetate. structures (XV) and (XVI) must attributed these 
derivatives: 


research project carried out with L.N.Goldyrev have shown that 
heating with aniline the presence boric acid results the formation iso- 
meric anilide compounds, which two isomers can isolated the pure state: 
reddish-purple one with and dark-blue one with m.p. 310- 
312°. These isomers proved quite stable the pure state and did under- 
any change during eight years storage. 


the beginning our research naphthacene expressed the supposition 
that these anilide compounds are structural isomers with para ana structures: 
(XVIIa) and 


But, when found that solution aniline the presence 
boric acid results the gradual the anilides, that mixture 
the purple and blue isomers formed for each them, concluded these 
transformations are special cuse tautomerism 


N-H 
(XVIIb) 
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and ethyl aniline the presence sodium acetate order 
the ¢ach the two tke blue and the 
pound this sort, owing the thet there attached the 


- 


Compound (XIX) consists minute homogeneous reddish-purple which 
are soluble benzene, turning reddish-purple. halfvave potential com- 
pound close that the purple dianilide derivative, Fig. 
All this enabled assign the structure (XVIIa) the purple proa- 
uct. for the biue isomer, may have imino structure (XVIII), or, 
(XVIIb). latter author explains the described the 
manner: 

Cells 


aniline 
BOs 


. 


must made synthesise diethylanilide com- 
pound with known ana structure and com- 
pare this compound with compound (XIX) and with the 
isomer. 


quinones, This investigation 
was made with the visual designed 

Stromberg (of the Urals branch the USSR 

Academy Sciences). The was normal calomel 

half-cell; while the cathode was mercury drop 

electrode, immersed the tested solution. The 

cathode and anode were connectec through 

agar switch filled with saturated KCl. 


selecting solvent for the deriv- 
atives met with difficulties due the low 
bility these compounds. After series tests, 
decided upon the following method: weighed 
quantity the quinone, based concentration 
mol, was dissolved, with heating, 
cryoscopically pure benzene, and then 2.2 
alcohol and 0.6 KCl plus drops 0.5% 
solution gelatin were Solutions prepared 
precipitate scmetimes settles out when hydrogen passed through for long time 
prior the beginning measurement. then advisable substitute isoprupyl 
alcohol for the ethyl alcohol. 


Owing the low solubility naphthacene derivatives, had disperse with 
the employment buffer mixtures, for this would have caused the quinones 
settle out precipitates, due the higher salt concentration. 


current purified hydrogen was through the min- 
utes prior each run. After the curve haa been plottec, hycrogen was passed 
through for another minutes, and the curve was plotted once mure, arter which 
the whole operation was between the values 
found perallel runs not exceed 0.02 volt; the the 


19°. 


ne, and (fcr the first halfwave) 


tt, 
: 
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ating, 100 tetrachloroethane, and the reaction boiled for 

urs. After cooling, Light-yellow lamellae settled out; ofter 
ltering and drying they were heated 60-70° 100 concentrated 
This caused the and the red. After the 
pure 


with 230-235°. Extraction with 
recovered from the mother liquor left 


after the had been filtered 
evaporation and chilling; like the 


these were not ex- 
amined any further. 
Synthesis ethyl deriv- 


quinone closing the ring 


acjd 


with freshly distilled ethylanil- 
ine for hours the pres- 
nce 0.2 dehydrated sodium acetate. Toward the end the reaction the solu- 
turned dark red. After had cooled and had been with volumes 
crystals settled out within few they were cut, washed with 
and recrystallized from acetic acid. 


This resulted the recovery 0.2-0.22 beautiful gleaming 
with 208-210°; under the microscope they were transparent 
rectangles. mixed test sample samples and exhibited depression 
melting 


4.900 substance: 0.176 (20°, 731 


6.120 substance: 0.196 (19°, mm). 
5.840 substance: 0.186 (18°, mm). 
Found 3.67, 3.64. 


hesized from dichloronapthacenequinone the method given the monoethyl. anilide 


- 


. 
he 
3 


(13°, 735 ma). 
Found 


The chlorination the anaquinone (III) sulfuryl chloride, citea 
our previous paper [2], indicates that the (I) and (II) 
have ana structures; the other hand, several facts bear the para 
ture these compounds (VI) and (VII). 


potentials these compcunds confirmed their and 
Hence, the purple dianilide derivative likewise has para structure (XV,. 


These data indicate that intramolecular 
(III) place during its reaction with sulfuryl chloride, result 
instead the expected ana cerivatives and II). 


CITED 


Gabriel Bor., 31, 1282 (1898). 
Waldmann, pr. Chem., 150, 121 


Stromberg and Reinus Gen. Chem., 16, 1431 
Ber., 2068 (1934). 
Ch. Bull. Chim., 1948, 
Soc. Chim., 1545, 777. 


SUMMARY 


THE DER ACETYLENE 


(I), the tricyclic and (Iv) with angular methyl groups: 


(I) 


tancne ring group may synthesize steroid con- 
synthesis with and syathesized these dienes 
follows: 


IV. 
‘ 
561 


CH=CH, 
KOH 


When (IT) heated for hours with 
mixture ketones and with the composition 


the (X) and two isoneric tetracyclic 
and (XIV), are 


not impossible, however, tnat the tetracyclic ketones represented 
Formulas and can formed the result this diene 
sation. 


The unsaturated ketones and (XIV) are readily 


(x) 
CH. 


has thus been established that (II) can 
enter into diene synthesis with and vinyloctahydronaphthalenes, giving rise 
tetracyclic cyclopentanophenanthrene with angular methyl group. 


(XVII) has been recently synthesized 
our oxidizing (II) with selenium di- 


oxide: 


Inasmuch the dione more réactive diene syntheses than the 1,3- 
dimethyl- (II), because has two carbonyl groups, were in- 
terested exploring the condensation this dione with A'-cyclohexene, 
well with the that the dione (XVII) 
actually enters synthesis with dnd a-vinyloctahydro- 
readily, giving rise the colorless crystalline keto-enols and 

XIX): 


our laboratory, using other substances 


were unable isolate cyrstalline products after the dione 
with the (X) and vary viscous substance 
that was hard identify. 


The keto-enol (XVIII) turns yellow upen standing acetic-acid 


solution, colored oil remaining after the solvent driven off. 
unsaturated (VIII) and (XIX) are easily hydrogenated over catalyst 
anhydreus acetic acid, one molecule hydrogen and giving rise the 
corresponding saturated cyclic keto-enols (XX) and (XXI): 


(xx) 


has been recently shown our laboratory that 1,3- 
-5-one (II) isomerized (XXII), with the 
bond shifted along the ring, heating above for long time, or, even 


might have been expected, the cyclopentenone (XXII) enters into diene syn- 
thesis with difficulty, products diene condensation being recovered after 
cyclohexene 


The initial and B-decalones were prepared hydrogenating und B-naphth- 
autoclave with Rainey and then oxidizing the 
with acid mixture. 1,3-dimethyl- was synthesized 
the constants: b.p. 164-166°; 1.4665. 


powdered potash and 500 ether, which had been previously saturated with 
acetylene. After the had been added, acetylene passed through the 
mixture for another hcur the same temperature 15°). The next day the mixture 
was treated with water, end the ethér:layer was washed with hydrochloric 
acid and then with water, and desiccated over sodium sulfate. Fracticnation the 
reaction product vacuun ethynyl- -l-decalol (V), 105 -107° 


n2° 1.5030; 1.0098; found 52-47; computed 
Found 80.39, 80.20; 10.25, 


CH; 


(VI). the ecetylene alcohol (V) was hyd- 
mol) were absorbed during hours. This 23.5 


Found 79.74; 11.34. 


(VI) and powdered potassium bisulfate was heated cur- 
rent nitrogen and vacuum and bath temperature 160°. This 
drove water and hydrocerbon off. The product was extracted with esiccated 


anhydride 1,2- acid, whith fused 159°: 


heated for heurs. Fractionation the reaction products yielded 

mn; 1.5320. Dilutton the with ether and chilling 

° 


Found 83.73, 83.70; 10.17, 10.38. 


Repeated these crystals from methanol the 
vidual tetracyclic ketone (XI) (XII) with m.p. 


Found 83.58, 10.26, 10.43. 


The synthesized ketone does not form semicarbezo even when heated. Dis- 
tillation the mother liquor, after the crystalline ketone with had 
1.5230, which also crystallizes after standing for one month. 
this from yielded 0.5 the individual tetracyclic ketone (XI) 


. f 


The 2,4- this ketone melted ethyl 
Found 13.9, 13.9. 


Synthesis The 2-ethynyl-2-decalol (VIII) de- 
scribed the was synthes thesized with yield 70% condensing the 
tic potash deScribed ahove. thus synthesized was thitk colorless 


hydrogen mol) added during 6.5 hours, -after which hydrogenation was broken 


Found 79.83, 80.03; 11.55, 


(IX) and finely powdered potassium bisulfate was heated for minutes 
150-160° current nitrogén. the reaction products off com- 
pletely vacuum, desiccated with calcium chloride, and redistilled vacuum. This 


Found 86.4; 11.2. 


and 0.4 pyrogallol was heated for hours 
metallic ampoule. the reaction vacuun yielded the 


folloving fractions: 


first fraction mixture the initial substances the 
lins (X) ond and the (II). 
yielded the tetracyclic ketone (XIII) (XIV) with b.p. ma: 


tetracyclic ketone (XV XVI), with 156-158° mm; 1.5220, 


Found 82.8; 10.6. 


6.400 substance: 19.722 ing 985 

Found 84.10, 83.97; 10. 10.21. 


ethyl alcohol. 100 hydrogen wus added during 1.5 hours, and hydrogenation 
stopped. After the alcohol had been driven off and some more catalyst had been 
Another 200 hydrogen was absorbed during minutes. This yielaed 

saturated tetracyclic (XV XVI) with b.p. mn; 1.5200. 


were unable isolate the pure crystalline derivatives the foregoing 
tetracyclic The semicarbazones and oximes were usually recovered oils, 
while the 2,4-nitrophenylhydrazones yielded 1.5-2% more nitrogen upon analysis than 
called for theory. 


2.5 the dione (XVII), and dioxane was heated for 130°. 
after double recrystallization from methanol: 


upon standing, and yellow noncrystallizing left after the solvent driven 
off. The substance not hydrogenated aver catalyst ether. One molecule 
hydrogen added during hydrogenation with catalyst acetic acid. 
Eliminating the solvent yielded yellow crystals the with m.p. 
113-118°, which fused 120-124° after double recrystallization from methanol: 


Found 76.35, 76.28; 8.64. 


dioxane was heated for hours 128-130°. the solvent yielded 4.7 
viscous products, the chilling which yielded colorless crystals 
tetracyclic keto-enol (XIX) with (from ethyl 


by 


0.8 the (XIX) above was hydrogenated with 
minutes. mixture colorless crystalline products that fused 141-145° was re- 
covered. Repeated recrystallizetion from ethyl alcohol yielded 0.3 crystals 


SUMMARY 

Condensation with a-vinyloctalin 
and (X) results. approximately 50% yield the tetracyclic 
ketones (XI) and which contain the cyclopentanone ring with angular methyl 
group that typical steroid the vinylcyclohexene 
(I) and the. a-vinyloctalin (VII) (XVII) 
yields the which exist their enolic forms (XVIII) 
cyclic 
CITED 


and Gen. Chem., 19, 1766 (1949). 
[3] I.N.Nazarov and Sci., Div. 
[4] Marvel, Am. Chem. Soc., 62, 2659 (1940). 

Received October 28, 1948. 


568 


. 
‘ 
| 
t 


the synthesis (I) [2] noticed that the crys- 
tals hydrochloride the dye, which settle out precipitate when solu- 
tion bisulfite derivative hydrochloric gradually resinify 
when heating the suspension continued and are converted into some new substance; 
the latter differs from the dye that does not form acid salts and does 
not react with bisulfite, but soluble alkali, though without the color 

that characteristic the dye. This product the acid transformations 
dimethoxybenzaurin recovered tarry curds, which upon cooling harden into 

brownish-yellow mass that can yellow powder. has been found that 
the previously isolated likewise undergoes such 
tions when heated with hydroghloric sulfuric acid. 


transformations; heating the hydrochloride this dye (rubrocol) with mineral acids 
also converts into new resinous substance, which longer acid-soluble and 
does not form bisulfite derivatives. 


For the sake comparison, also subjected hydroxyfuchsone dyes that con- 
tained methoxy groups and aurin heating with mineral acids. 
found thet when aurin even with 15% hydrochloric acid, undergoes change 
whatsoever during days: the resulting suspension the the dye 

fully soluble aqueous bisulfite, and treating with acetate yields 
aurin with melting point that agrees with thet the pure dye. 


Benzaurin likewise proved boiling with acids. Nonetheless, 
differed that was longer completely soluble bisulfite after 
several days boiling with concentrated hydrochloric acid; pure sub- 
stance identified ketone [1] from the quantity 
precipitate. 


This compsrison indicates that the methoxy groups 3,3'- 
dimethoxybenzaurin (I) and 3,3',3''-trimethoxyaurin (II) that responsible for the 
specific transformations these hydroxyfuchsone dyes when they are boiled with 
acids. determined check whether this influence the methoxy group also holds 
good for the ancestor the methoxyfuchsone derivatives: 3-methoxyfuchsone 


. . 
* 

. 


(1) 


Our experiments have shown that when 3-methoxyfuchsone heated with mineral 
acids, though only with ores, rapidly into substance 
that recovered fusible mass that solidifies upon cooling, insoluble 
bisuifite, and does not form the crimson-colored solutions with hydrochloric acid 
that are typical heating the unsubstituted fuchsone with 
and then reaction mass with water hydration product 
the fuchsone hydroxytriphenylcarbinol, from which again 
initial fuchsone 


The rate the acid transformations 

upon the the acid used. explore the effect acid 

boiled dilute (0.1%) solutions and 3,3',- 
with and 0.1% hydrochloric acid, taking samples fixed 
time. was upon the fact that the initial dyes 
form colored solutions onium salts with concentrated acid; the products ecid 
transformation are insoluble acids. Thus the colorimetric determination the in- 
tensity the color these samples when added definite volume concentrated 
hydrochloric acid determine the concentration the sub- 
stance unchanged various lengths treatment. Our results are given 
the appended table. 


The results given the table show that, with all other conditions remaining 
the uncergoes acid transformation more rapidly than 
and that lowering the the acid causes sharp 
drop the rate acid which marked the case 
decrease the strength the acid has even greater effect 


TABLE 
Dyes after Heating with Various Concentrations 


Concentration 


Dye 


strength 


iurin 


Concentration after hours 


. . 
undergoes acid more quickly than does 
tion which yields the initial 


100 


These facts lead derivatives undergo acid 
transformations not their fuchsone but the form the oniun cation formed 
during dissolution the and existing equilibrium with the fuchsone fori. 

Our described earlier [4] have shown that each individual case this 

state depends both the structure the initial substance and the 
strength the acid. The dyes aurin group, including 
fori salts that are most resistant that why re- 
ducing the strength results drop the rate acid transformaticns. 
The unsubstituted fuchsone and the 3-methoxyfuchsone form the least stable onium salts 
they are totally even acid; that why the drop the 
ecia strength makes itself sharply felt the acid 
fuchscne, not place all ata law acid 


What the structure the products the acid transformations methoxy- 
which entailed extrenely great over the course prolonged 
and ere all recovered 
tarry curds, which harcen into brownish-yellow mass cooling. 
The latter softened hot water and was highly soluble organic but 
the wethods crystallization did not result the recovery-of any individual 
substances. that the crude products the acid transformations 


methoxyfuchsone derivatives contain quantities the entrained initial substances 


well low-melting whose presence, even winute quantities, 
the crystallization the principal products the acid transformations. elin- 
inate the initial substances, dissolvec the crude product the acid transforma- 
tions added bisulfite, and poured the solution into 
water. The acid-transformation product, freed the initial substance, settled out 
greenish-yellow flocs, which agglomerated sticky Individual metheds, 
Gescribed detail the section, had for further purifi- 
cation: each separate 


purified. were able eliminate the impurities that impeded crystallization 
treating the reaction product with small yuantity ether. The bright residue left 
efter this treatment crystallizes readily aqueous alcohol, dilute acetic acid, 
benzene. finally recovered the principal the acid transformations 
3-methoxyfuchsone with yield that 60% weight the initial sub- 
stance; consisted colorless acicular crystals that fused 173-174° after first 
turning green; the acetyl derivative this substance crystallized 


Considerable difficulty was encountered our efforts the product 
the acid transformations 3,3'-dimethoxybenzaurin. The impurities that impeded 
crystallization were eliminated treatment with quantity acid. 
After this was done, the residue crystaIlization from alcohol: the pres- 
finally recovered the principal the acid transformations 
methoxybenzaurin colorless needles that turned yellow desiccation heat and 
fused 199-201° after first turning green; the yield exceeded 50% weight the 
initial substance. The acetyl derivative this substance was recovered colorless 
crystalline platelets that dissolve with even hot alcohol and fuse 
sharply 


Our greatest difficulties were encountered isolating the pure product 
the acid transformations ncted that this sukstance 


xidizes rather rapidly and more readily than the substances described above, even dur- 
attempts crystallize it. That why had resort recrystalliz- 
tions from benzene which some glacial acetic acid and zinc dust had been added. 
fter several crystallizations recovered low yield colarless acicular crystals 
hich turned green when heated and then fused, not sharply, The acetyl 
was synthesized crystals that fused sharply 


The properties and the analytical determinations this substance 
roved identical with the pruduct the rubrocol, recently 
escribed and Their conjectures concerning the structure 
this product raises certain our minds, and shall devote special re- 
bort our research this field. 


Elementary the products our acid transformations 3-methoxy- 
and indicated that the 
for these transformation prafucts were the same those for the in- 
itial compounds. Determination the molecular weight these substances 
and their acetyl derivatives indicated that they were all monomers. 


Determination the methoxy groups the Zeisel method established that the 
groups change during these acid transformations. 
acetylaticn showed the acid transformations resulted the appearance one more 
phenolic hydroxyl which can formed only from the carbonyl hydrogen the 
substances. 


Thus, the composition under investigation may expressed 


Hence the acid transformations methoxyfuchsone compounds 
belong single derivatives hydrocarbon with the formula 
and differ the hydroxyl and methoxy groups they have. These 
substances also one another their physical properties: they crystallize 
colorless needles, and they all fuse after first turning green. 


Thus, when 3,3'-dimethoxybenzaurin, and 
aurin ere heated with mineral acids, they undergo re- 
sulting the formation isomeric compounds that are colorless and represent 


After considering the various possibilities, came the conclusion that 
this hydrocarbon must (IV). This hypothesis was confirmed 
study the literature references. was found that unsubstituted mesophenyl- 
had already been though with low yield, from derivatives 
for instance, heating triphenylchloromethane above 200°; similarly, Schwartz 
mesophenylfluorene from triphenylbromomethane; [9] found that 
was farmed when triphenylchloromethane was treated with phosphorus 
oxychloride; and, lastly, Kliegl synthesized mesophenylfluorene heating tri-. 
with phosphoric 


ali these reactions the yield mesophenylfluorene was low. the reac- 
facilitated the presence the grouping. the methoxy groups also 
pounds that contain such groups ure heated with mineral acids, they not undergo 


é 


this sort transformation. The reason for this that acids hydroxy- 
fuchsone dyes give rise mesomeric cations, with the structure (V) for aurin, 
say, which there quinonoid grouping. 


‘When reacted with acids, the methoxyfuchsone compounds can form onium 
cations both from the pair electrons the quinonoid and from the 
unshared pair electrons the methoxyl's oxygen. For the cat- 
ion formed from 3-methoxyfuchsone structure (VI) ‘possible. 
that this cation also has hydrogen bond type (VII). 


cther words, the mesomeric cations formed from 


possess quinonoid grouping some degree. This may explain the deeper color 
such cations previously noted. 


The presence grouping inparts the high reactivity usual 
methoxyfuchs mineral acid solutions well; this may the reason 


for the ability enter into isomerization and 
form derivatives. 


The course isomerization may indicated the 
(for 


Besides the other isomeric containing 


the methoxy group ths position the bond, may also formed. 


Accordingly, structure (X) (XI) may supposed for the product the acid 
methoxy groups the ortho position the diphenyl bond. 


the present time are unable decide which the the acid 


have isolated. bearing mind that such transformations take place 


nethoxyfuchsone, which unsubstituted phenyl rings, more rapidly than with 
that the latter these conversions occur more 
apidly the expense the and unsubstituted and 
give preference thie structure 


Correspondingly,, adopt structure for the principal product the acid 
ransformations (rubrocol). here, too, are isomeric sub- 
presence that most likely impedes the these substances. 


The recovery from the of. the acid 
transformations distilling them with zinc dust would 
complete proof their mesophenylfluorene skeleton. have met with success 
this, and consider the presence the methoxy groups responsible. 
way comparison, may state that when distilled 
with dust did not recover the triphenylmethane, 
whereas this was recovered without difficulty when distilled hydroxytri- 
with zinc dust. 


Our researches the acid transformations methoxyfuchsone have 
cleared for tHe reasons for the failures experienced and other 
workers endeavors synthesize (rubrocol) the 
methods ordinarily employed synthesize unsubstituted aurin. The oldest these 
methods involves the heating mixture phenol, oxalic acid, and sulfuric 
acid. this synthesis, the last reagent condensing agent, and, our experi- 
ments have indicated, does not cause decomposition the aurin When the 
phenol replaced guaiacol ‘this condensation, the 3,3', 
(rubrocol) formed acted upon the sulfuric acid and undergoes the type trans- 
inentioned above. 


newer synthesis aurin [13] consists condensing phenol with carbon tetra- 
chloride the presence zinc chloride aluminum chloride. When sub- 
stituted for phenol this condensation, the hydrochloric acid evolved during the re- 
which does not attack the aurin, causes irreversible transformation the 


are therefore the bacis new experinents, our pre- 
viously expressed.assertion [11] (p. 1571) that secure any 
temperature and acid are failure advance." 


method used the synthesis benzaurin [13], involving the heating 
benzotrichlsride phenol, was due the cause. The 
for phencl this synthesis causes the liberated hydrochloric which coes not 
benzaurin, bring the the 3,3'-dimethoxybenzaurin 
the macs when with acids. 


yellow flocs settle sut when with the resultin, 
ticn each tine. After the easily pulverized 


ene. all these solvents get colorless crystalline needles with 


Colorless crystals. They turn green when 
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The substance moderately soluble ether, cold benzene, alcohol, and 


old 


0.1625 substance: 0.132 
Found 10.72. 
0.2456, 0.2378 substance: 8.6, 8.9 NaOH (quant. acetylation). 
Found 5.95, 6.12. 
Found 280, 286. 
Computed 288. 


pyridine and acetic anhydride and the heated over water for 
hours, after which the resulting solution poured into water. The oll that separ- 
out hardens upon standing; the recovered product filtered, washed with water, 
end Yield: 5.5 Crystallization from 50% alcohol yields colorless crystalline 
needles that fuse sharply without first turning (wherein aiffer from the un- 
0.3298 substance: 21.64 0.252°. 


with 10% hyarochloric acid. This the intensely pur- 
tered out, cut well, with hot water, and dried. Resulting crystalline 
weighs fuses and can-be reudily from alcohol 
and acetic acid. With bisulfite present, recover colorle.s crystals 
turn slightly yellow when dried heit, green when fuse 
Colorless, beautifully shaped needles. Less soluble ether 
than the product the acid transformations soluble in.alcoh3l, 
acetic acid, benzene; solutle aqueous alkali, forming colorless solution 
that turns yell 
75.22, 75.16; 5.21, 5.38. 


| 


Found 18.0k. 


Found: 308. 
Computed: 


Acetyl derivative. Synthesis from the product the acid transformstions 
tion for hours over water bath. The crystals the acetylation product, 
only slightiy soluble hegin settle out the solution during 
this heating process; the reaction mass cools, the amount these crystals increases. 
After with water, precipitate filtered out, washed well, dried, and re- 
hot best crystallize from glacial acetic acid. 
tion yields the derivative colorless crystalline lamellae with sharp 
Found 71.55; 5.46, 


anhydride and acetyl chloride. The solution crimson first, but turns 
yellow when heated. After boiling for hours over water bath, the resulting solu- 
tion poured into water. The resulting colorless with 
alcohol. the precipitate enter solution, but the bulk 
it, approximately not When acid added the 
filtered solution, the latter turns crimson, which the presence the 
normal derivative The precipitate that not 
dissolve alcohol not cylored hydrochloric acid; after recrystallization from 
large quantities alcohol from glacial acetic acid, recovered colorless 
crystals with which exhibit depresgion when mixed with the 
aurin described above. 


hydrochloric acid, and the resulting suspension boiled for days. 
itate, which crystalline first, gradually changes, turning into sticky clump 
after two days have passed; the solution remains crimson-purple color. The precip- 
itate filtered out from the and dissolved heating 100 
hol. saturated bisulfite added the resulting red solution, 
which ‘turns yellow and then poured into liter watey. The resulting 
yellow precipitete filtered out, washed with water, and Yield: The 
acetic acid zinc dust are added the solution, and has been 
boiled for hours the light-yellow solution filtered and then evaparated down 
mg. The tarry impurities that are removed filtration, and the 
hot solution cooled with This causes light- 


yellow precipitate settle, which filtered out before the solution has completely 
cooled. Repeated from alcohol yields colorless crystalline pre- 
cipitate, which turns when heated above 150° and fuses, not sharply, 
The product yield varies from 0.5 1.5 depending how crystallization carried 
out. 


Acetylation with mixture acetic anhydride and pyridine acetyl 
derivative that fused 204-206° after from alcohol. 


SUMMARY 


When fuchsone derivatives contain methoxy groups the ortho position 
the oxo group are heated with mineral acids, they undergo irreversible 
acid transformations. principal products such trans formations are colorles 

that have the same empirical formulas and molecular weights the 


The indicate that this isomerization deriv- 
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Viktor Spitsyn 


The has shown that the wolfremates rubidium end 
ent thet vaporized, the residue being with 
trioxide. These wolframates can also vaporized these 
are intensified the temperature rises above 1200°, this especially true 
vaporization. 


‘ 


wes the object the present research determine the 
and the volatility tke normal wolfr amates all the alkali elements 
parable conditions. 


ates. his study the action hydrogen potassium van Liempt 
found that this completely 1050°. 


ates sodium, and potass jum. 


The initial preparations normal end were 
prepared fusing calculated quantities the respective alkali carbonate with 
wolframate trioxide. Normal sodium wolframate was recovered solution produced 
the action slight excess sodium hydroxide upon acid, and, after 
was dehydrated calcining the melting point. 

The rubidium and caesium were prepared fusing silver wolframate with 
the alkali chloride, described the paper cited above The analyses 


has been established preliminary tests that and sodium wolfran- 
weighed quantity some was calcined for hours). wolframate ex- 
hibited loss weight efter being heated 1000° for hours. This loss weight 
volatile and unstable temperatures above 


velatility and thermal the normal wolframates 
temperature 1200° opén crucibles placed electric furnace. The 
and sodium were heated for hours ‘to obtain noticeable 
loss weight. The experimental results are listed Table the 
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TABLE 


Initial Preparations the Normal the Elements 
(The preparations were the method) 


Computed 


RooW04 


enabled compute the degree decomposition end the exteat the 
ization the compounds, based period. Data the volatil- 


vaporizable 1200°, some them even temperatures. These 
them, the process the salt consists the equi- 


the the Both wolfram trioxide and the oxides 

the alkali elements volatjle the temperatures which these tests 
were made. There that the wolframates also vaporize directly. 
This seen, for fact that the relative volatility 
ramate exceeds the. wolfran 


may that with high atomic numbers then form with 
oxygen. 


All the wolframates investigated, without exception, in- 


the percent wolfram trioxide the calcination résidue. Thus the 
products normal wolframates, principally the oxide 


alkeli that vaporizes, the wolfram trioxide being wholly partially 


vaporization. 


. 
= 
> 


Calcination Normal Wolframates the Rlements 1200° 


. 
the 
hours 
‘decomp. 


mols 


preparation 


TABLE 
Degree Decomposition and Volatility the 


(Calcination time: hours. Initial weight: approx. 0.25 g). 


- 


weight 


0.12 


Compound 


The volatility and the maximum thermal stebility gre exhibited 
elements diminishes uninterruptedly while the vaparizabAlity increases. Lithiun 
wolframate also less stable more volatile than sodium wolframate. 


The instability alkeli high temperatures may due 
several 


\ 
Calcin- 
ation 
pound est time 
No. 
risation 
0.002 
0.001 
0.020 
0.126 
‘ 
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the case sodium wolframates evidently observe the well- 
known hich temperatures, the ion, whose 
the smallest all the alkali-clements' ions, polarizes the oxygen ions 

the anion, thus faciliteting the decomposition the wolframate into the 
wolframate more stable owing the lower 
action the sodium ion. 


The decrease thermal again observed pass the wolframates 
potassiun, rubidium, and caesium, cannot explained in- 
proceed the serie: 


The observed potassium confirms the view 
the author the reasons for the decomposition 
and caesium calcination. the anion wolfranic 
the rather radius the wolfram atom (approx- 
imately 0.5 not the oxygen enough make the 
anion thet the closest lower analog wolfram 
and that cxygen ions are readily detached from 


these reasous, the oxygen ions the can apparently exert 
their polarizing upon the cations the alkali elements potassiun, 
and cacstum. call this "selective polarizing action" dis- 
very slight owing tothe large effective radius this (approximately 3.50 A). 


The selective polarizing action the oxygen the radical tends 
strengthen the between the oxygen and the ions the coh- 
ferring poler quality upon it, and the bond between the oxygen and wolfram 
atoms. The intensification these processes high temperatures tends 
result oxide the alkali and considerable volatility 
the compounds. 


This ought happen easily caesium compounds, inasmuch the 
the wolframate molecules tends grow weaker, with the stability 


the the anion increases, the selective polarizing 
action the oxygen ions that tends weaken. This why normal 
sulfates potassium, ‘rubidium, and caesium sulfates are stable 1200°, Victor 
these will Less inasmuch the Sit* atom exhibits lower 
polarizing action end hence the ion less than the 
ion. 


SUMMARY 


The thermal stability and the volatility the normal wolframates the 
alkali been investigated. 


tion and partial decomposition observed the fpllowing 
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oxide the alkali element. Under comparable conditions (1200°, calcina- 
tion), the degree per cent, is: 


1.73 0.59 0.86 


The instahility end sodium wolframates and the pattern 
its are related the phenamenon counterpolarization. 


The thermal instability potassium, rubidium, and caesium wolfranates 
due the "selective polerizing the oxygen ions the wolframic acid anions 
upon the fons the alkali elements. intensified pass from 
potassium caesium, with increase the ian and the ity 
the cations. 


The rate vaporization alkali wolframates varies the same way 
the degree Caesium wolframate most volatile. 
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‘ATOMIC WEIGHT FUNCTION SERIES INTRGERS 


his review existing express atomic weight exact func- 
Dmitri stated that the most successful these efforts 
that who expressed atomic weights the equation: 


The higher the atomic weight ‘element, the greater the this 
equation, while the the element's atomic weight the less its accuracy. For ex- 
actual weight; the equation gives the atagic weight 3.8, 
whereas actually 6.94. 


where and denote the atomic weight and rs, respectively, 
Vincent's equation. 


The accuracy this newer for all the beginning with lithium 
and ending with the seme that equation uranium and 
elements comparable weights. The foregoing illustrated the 
table, showing the atomic weights several elements: their actual weights being 
listed together with weights computed our equation and Vincent's 
tion. 


12.00 
16.000 
19.00 

197.2 

200.06 

207.2 

209 


Hz 


3.8 
5.55 
10.5 
12.5 
198 
200 
201 
Pb.. 205 
210 
212 


This table indicates that our equation provides more accurate expression for 
the atomic weight than does Vincent's equation. 


Our does not give the atomic weight hydrogen heliun. 
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